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A. INTRODUCTORY.

My attention was first divected to this subject by
the writings of Meldola, and especially his editorial
notes to Weismann’s ¢ Studies in the Theory of Descent.’
His statements recalled my own early experience of
the variations in colour of the larvae of Smerinthus ocel-
latus when found on different food-plants. 1 therefore
determined to experiment upon this species and other
Sphingide which were also known to vary under similar
conditions. 1 first experimented (1884) upon Swmerinthus
ocellatus and Sphine ligustri, and proved that the shade
of green can be modified in both these species (Proc.
Roy. Soc., No. 237, 1885, p. 269). At the same time
I showed that the effect cannot be plytophagic in the
strict sense of the word, but rather phytoscopic (I c.,
pp- 806—308), inasmuch as the colour of the surface
of the leaf rather than its substance acts as the stimulus.
In 1885 these results were extended and confirmed by
further experiments on S. ocellatus (Proc. Roy. Soec.,
No. 243, 1886, p. 135). Ifor some years [ continued
working at this species, and expended a vast amount of
unproductive labour upon it. At some future time I
hope to extract from the voluminous notes of several
years’ work a comparatively few details which may be
of interest. At that time no one Dbelieved that this
susceptibility was of common occurrence, and could
produce far wider differences in many well-known larve,
which were therefore move suited for an investigation
into the conditions and limits of the change which
takes place. A suggestion made by Lord Walsingham
first turned my attention from the Sphingide in the
direction of far better material. This suggestion was
that the larve of Rumia crategata, sometimes green and
sometimes brown, might perhaps be found susceptible
to these influences. I first experimented upon them in
1886, and in that and the subsequent years investigated
many species of Geometre and Noctue. The general
results of this work have been very briefly stated from
time to time (¢ Colours of Animals,” Internat. Sci. Series,
London, 1890, pp. 150—153, British Assn., 1887, 1892,
Trans. Ent. Soc., Lond., &e.), but the details have
never been given. At the same time, the complete
establishment of a principle such as this demands the
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publication of the fullest detail, at any rate as regards
many of the species first investigated. When the prin-
ciple has been proved, the same evidence is not necessary
i all cases.

I am now therefore bringing together the results of all
my notes of these experiments upon lepidopterous larve,
omitting those upon the Splingide. These details, to-
gether with the confirmatory results obtained by M.
Perkins upon Boarmia rliomboidaria (anpublished), and
by Miss Gould and Mr. Bateson as published in these
Transactions for the present year (pp. 215 and 205), will,
I think, leave no room for doubt as to the importance and
prevalence of this principle as regards Lepidoptera. It
will be interesting in the future to test its applicability to
otlier species, but the greatest interest and importance
now attaches to the attempt to acquire further knowledge
of the physiology of the process. Certain solid contri-
butions (so far as they go) towards this end will be
found in the subsequent experiments, and especially those
upon Amphidusis betularia in the present yvear (1892).

As regards the susceptibility of certain exposed pupee,
I began to experiment in 1886 upon Iunesside and
Pieride (Phil. Trans. Roy. Soec., vol. 178 (1887), B,
pp- 811—441). Since then I have again experimented
upon the same species, as well as others, but, as in the
larve, only the most general statement of results has
been made (‘Colours of Animals,” pp. 110—142). The
details now published, together with the confirmatory
results obtained by Mr. G. C. Griffiths (Trans. Ent. Soc.,
1888, p. 247), Rev. J. W. B. Bell, Mr. Pembery (both in
¢ Midland Naturalist,” Dec., 1889, pp. 289, 290), Mr.
W. . Jackson (Linn. Soe. Trans., vol. v., 1890, pp. 156,
157), Mr. P. C. Mitchell, quoted by Mr. Jackson (. c.),
Mr. Bateson (these Transactions, 1892, p. 205), M.
Merrifield (Proe. Ent. Soe. Lond., 1892, p. xxx),
will leave no doubt about the importance of the prin-
ciple as regards exposed pupz of Lepidoptera, and heve,
too, future work will best be concentrated upon the
attempt to make out the physiology of the process. In
this case, however, far more has been done, as will be
seen by an examination of my previous paper (I'rans.
Roy. Soc., L. ¢.), and the details of experiments during
1892 upon Tanesse to and V. wrtice which are to be
found in this paper.
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My conclusions as regards the modification of colours
of cocoons have been shown to be erroneous by Mr.
Bateson (Trans. Ent. Soc., 1891 and 1892); although
there was no doubt about the colour-change itself. This
he has shown, in the cases of Irioguster lunestris and
Saturnia carpini, to be due to disturbance of the larve,
and not to swrrounding colours. Tt is probable that this
criticism affects the conclusions as regards other species
(Liparis awriflna and Rumia crategaia). 1§ is likely,
however, that the principle still holds good in the genus
Ialias, inasmuch as my earlier observations (Proe. Ent.
Soc., 1887, pp. 1, li) have been confirmed by Mr. Tutt’s
recent publication (‘Journal of Variation’), as well as by
a few experiments of my own during 1892, published in
this paper. The negative results of certain other experi-
ments upon cocoons are algo given.

The details of experiments upon the colours of the
imago are also recorded below. The species selected
was Grnophos obscurata, and the results were completely
negative.

In certain cases the investigation of the susceptibility
of one stage has given information as to that of other
stages. Thus in the case of Grophos obscurata, the colours
of the cocoon and of the larva were tested incidentally
in testing those of the imago. In such cases the chief
object of the research has determined the class into
which it has been placed in the arrangement adopted
below.

B. ExpermeNts vpoN LEeripopreErous LaAnrvE,
1886—1892.

In the following arrangement the experiments upon
Noctue will be considered before those on Geometre, and
in each of these groups of cxperiments the order will
chicfly foliow that of time, and also to some extent the
importance or completeness of the results, the earlier
and less satisfactory results being considered fivst.

1. Experiments in 1886 wupon Mamestra Lrassice,
Huadena oleracea, and Iuplexia lucipara. — The experi-
ments were conducted upon captured larve, and were
therefore far less satisfactory than those upon hatched
larvee. The progress of the investigation and its results
are most congisely given in a tabular form.
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I. DARK SURROUNDINGS.
Dead leaves, &e., intermixed
with food-plant.

II. GREEN
SURROUNDINGS.
Food-plant alone.

IIT. GrREEN
SURROGUNDINGS,
Food-plant alone.

Aug. 28.—5 green M. brassice
(243, 2375, 22:3, 1625, & 12'5
mm. long), 4 green II. oleracea
(19:0,15:6,11-3, & 9:7 mm. long),
and a small brownish green IM.
brassice, all found on marigold,
were placed in dark surround-
ings on the same food-plant.
To these were also added 3 green
M. brassice (239 mm. when
found on Aug. 21, 23-6and 13-5
mm. when found on Aug. 25),
and 1 dark green Euplexvia luci-
para (24:5 mm, when found on
Aug. 25), all from marigold, and
placed up to this date with the
M. persicarie in dark surround-
ings described on p. 299.

Aug. 29.—2 DI, brassice had
become dark, 1 large and 1
having just changed skin.

Aug. 30.— 1 small oleracea
(17-25 mm.) was becoming
darker; 4 brassice had now
changed last skins, and 3 were
dark; 1 oleracea and 2 brassice
were changing skins, and rest-
ing on brown leaves; they were
removed for examination; 1
large green brassice added.

Sept. 1.—The 3larvae removed
Ang. 30 had changed skins, and
were all brown; they were re-
placed. Of the rest, 4 brassice
were brown (3 very dark); 1
oleracea wasapparently darken-
ing gradually instead of sud-
denly after an ecdysis. E. luci-
para still green. 1 green bras-
sice changing skin on a brown
leaf was removed. The large
brassice added Aug. 30 was still
green : it was now pupating and
removed.

Sept. 10.— 2 oleracea alive;

1 about mature and brown, 1|
changing skin and brownish. |

6 D1 brassice, all brown. 3 more

green oleracea added (about

175 mm. long).

Aug. 28.—4 green
larvee of M. brassice,
21-0, 220, 20°0, and
16:0 mm. long, found
on marigold, together
with 4 green larve of
H.oleracea,14:5,13:25,
1240, & 8:75 mm. long,
were introduced into
green  surroundings;
also another small
greenish 1. brassice.

Aug. 30.—2 M. bras-
sice had changed skins
and become dark (re-
moved).

Sept. 1.—1 DL bras-
sice had changed last
skin and become dark
(removed).

Sept. 10.—3 H. ole-

racea about mature, 2
2 M. |

green, 1 brown.
brussice, 1 nearly ma-
ture, 1 small;

larva changing skin and re- | added, 20:0 mm. long

moved Sept. 1 wasg now dark;
it was replaced.

when extendedin walk-
ing; it was changing
its skin.

TRANS, ENT. SOC. LOND. 1892,—PART 1V.

(PEC.)

Aug. 30.—The 2
removed from II
placed here.

Sept. 1. — They
were a very green-
ish brown : the
third dark larva
from II. added.

Sept. 10.—Only
2 found ; 1 darkish
brown, 1 lightish
brown. The latter

both | died ; the former
The green \ green. 1green oleracea | wasreplaced in II.

2 A
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I. DsRK SURROUNDINGS. II. GREEN ‘ III. GrEEN

Dead leaves, &e., intermixed | SURROUNDINGS. SURROUNDINGS.
with food-plant. | Food-plant alone. Food-plant alone.
R [T

[

Sept. 19.—1 H. oleracea, dead,  Sept. 19.— Only 2 brown larve, 1 bras-
was brown; 1 ditto, pupating, siceand oneoleracea ; the others remained
was brown; 1 ditto, changing [wreen. All were dead except 3, but their
skin, was brown ; 2 ditto, feed- | colours could be made out.
ing, were perhaps darkening.
1 M. brassice, dead, was brown ;
2 ditto, feeding, were brown.
There was also 1 pupa of bras- ‘

sice.

The results are not at all satisfactory or eonvineing,
because the large proportion of deaths shows that the
larve were not kept in a normal and healthy condition,
and especially hecause of Miss Gould’s negative results
with more suceessfully conducted experiments upon
Mamestra brassice (Trans. Ent. Soe. Lond., 1892, p. 215).
At the same time, I should be glad for further experi-
ments to be made, especially with I7. oleracea and E.
lucipara. The investigation is far more difficult with
such Noctue as these than with the genus Catocala or
with Geometre.  The larve tend to bury or conceal
themselves low down on the plant. The abundant
feeces very quickly produce the effect of dark surroundings,
and, being moist, promote decay in the food-plant. Hence
it is very difficult to keep the conditions uniform, and in
addition to this, the larve are apt to become stained by
the semi-liquid material on the floor of the case. All
these difficulties could, of course, be obviated, but this
would require much time and constant attention. These
experiments were conducted at the same time with many
other lines of work, and did not receive sufficient eare.

I may, however, claim that the results point to the
desirability of further investigation upon these or similar
dimorphic species.

2. ExpERmMENTS 1N 1886 UPON MAMESTRA PERSICARIZE.

These experiments were also conducted upon captured
larvee, and are open to the same oljections as those just
described. They arc given in a tabular form below :—




the colours of certuin Lepidoptera.

299

I. Dark SurrouspiNgs. Dead
leaves, &c., mixed with food-plant.

Aug. 21. — A green larva of M. |

persicarie, 17-5 mm. long, found on
marigold, placed same day on same
food with brown surroundings, dead
leaves, &c.

Aug. 25.—Brown paper floor sub-
stituted for earth. TLarve still
green. Added at this date 3 more
green larvie, measuring 44-3 (when
much stretched), 24-25, & 150 mm.,
lfound on marigold, except the largest
arva.

Ang. 27.—4 larve still green, but |

the largest seemed darker.

Aug. 28.—6 more larve, found on
marigold, added, measuring 21-25,
19-5, 16:75, 1425, and 2 of them
16-0 mm.

Aug. 30.—1 became brown, having
changed the last skin, and 25:0 mm.
long. The largest was pupating,
remaining green (removed); 2 were
changing their skins, and resting
upon a brown and green leaf re-
spectively ; removed in order to note
effect.  Another larva, 19°0 mm.
long, added.

Sept. 1.—Same as Aug. 30, all
green but one; some of the green
ones appeared to be darkening; 4
in last stage, 1 of which was eating
a small larva of same species, al-
though there was plenty of food; 1
in last stage but one; 3 changing
last skin, 1 on green, 1 on brown
surface; the other placed on a
brown surface, and all 3 removed to
note effects.

The 2 removed Aug. 30 had now
changed their skins, and were both
green: they were now replaced.

Sept. 10.—8 larve advanced in
last stage, 1 of which had changed
in colour before pupation; 1 was
dark brown, 4 greenish brown, and
2 brownish green. The greenest was
darker than any among the 9 larve
in II., except a small one in the
latter.

Of the 3 removed Sept. 1, 2 were
dark brown and 1 was green; the
latter was on a brown surface, and
1 of the former on a green surface.
they were now replaced.

Sept. 19.—4 changed in colour
before pupation; 4 brown and 1
green at earlier period of growth.

II. GREEN SURROUNDINGS.
Food-plant only.

l Aug. 21.— A green larva of M.

persicarie, 11:3 mm. long, found
Aug. 19 on Ribes americana, was fed
on marigold in green surroundings
at this date.

Aug. 25.—The larva was changing
its skin; also introduced 2 green
larvie (20°0 and 22:0 mm. long), the
smaller of which was found on mari-
gold at this date.

Aug. 27.—Examined ; all 3 green.

Aug. 28. — 9 more green larve
added (22:0, 200, 19-5, 17-3, 17-0,
160, 153, 14-3, and 14:0 nm. long),

| found at this date on marigold.

| Aug. 30.—1 larva, 26-:3 mm. long,
has changed skinand become brown
(removed); 11 green.

|

Sept. 1.—All green ; 1 dying and
removed ; 2 more green larve added,
16-75 and 23-5 mm. long, the latter
changing last skin. The removed
larva was now a very greenish
brown.

Sept. 9.—9 larvee alive, all in last
stage, 8 green, 1 brownish green (a
small larva).

Sept. 19. — Only 2 still feeding, 2
pupating; the rest dead, but no
more became brown.
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These results are also unsatisfactory. I cannot point
with any confidence to the colours of larve which had
died in the course of the experiments, for the existence of
abnormal conditions is only too evident. It is probable
that such conditions are to be found in the numbers
of the larvee in these and the previous experiments.
Having regard to the habits of the larve, in future
work it will be well to place very few in each cylinder or
case.

The results, however, clearly call for further work,
and seem to hold out some hope of positive results. In
one respect, liowever, negative results of much interest
are to be gained from the experiments here recorded.
In dimorphic (green and brown) species the change from
one colour to another in the lifetime of an individual
takes place, at any rate as a rule, rapidly in the transi-
tion from one stage to another. The larva changes its
skin and assumes the other colour. Now, the analogy
of the pupal changes of colour made it worth inquiring
whether the larva was susceptible to the colours oun
which it rested during the period before ecdysis. Certain
observations were directed to test this possibility in both
these and the former series of experiments. In 1 the
results were consistent with the existence of such
susceptibility, but the evidence was far from strong,
inasmuch as the conditions of the larve observed were
such as to correspond with the general tendency to
become brown in the last stage. In these experiments
the results are clearly negative, and seem to prove, so far
as this species is concerned, that no susceptibility exists
at the time in question. In Experiment I. it is recorded
that 2 green larve were resting, during the last ecdysis,
on green leaves, and 1 became brown ; while of 3 green
larvee similarly resting on brown surfaces, 2 became
green.

3. ExpEriMENTS IN 1888 urox CATOCALA SPONSA.

This experiment was conducted in the early summer
of 1888. 'The larvee were reared from eggs obtained by

George Tate, of Lyndhurst. The food-plant employed
ras oak,
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ExperiveNT I.: Dikgk SURROUNDINGS.

May 15.—11 larvee were placed on the food-plant intermixed with dark
twigs.

May 16.—2 larvee were removed and placed in green surroundings.

May 20.—More dark sticks were added.

May 27.—Larvee placed in a larger cylinder with still more dark twigs :
all the 9 were alive and healthy.

June 11.—The first larva spun up.

ExperMENT II.: GREEN SURROUNDINGS.

May 13.—1 larva hatched.

May 14.—5 larvee hatched. .

May 20.—Placed in green surroundings, viz., only the leaves and green
shoots visible.

May 27.—Combined with Experiment ITI. At this date some of the
6 larvee were light coloured, while others were as dark as those of Experi-
ment I.

Experivent III.: GREEN SURROUNDINGS.

May 16.—2 larvie hatched, and 2 were transferred from I.

May 20.—Placed in green surroundings.

May 27.—The larvie of Experiment II. added to these, making 10
altogether.

June 10.—All larvee were now nearly mature, and were carefully com-
pared together. There was a decided difference between the shade of
larvee exposed to dark surroundings (l.) and those exposed to green
(IL. and IIL.). The difference was not nearly so marked as in many
other species, e.g., Crocallis elinguaria, but was nevertheless distinet,
and in the same direetion, dark swrroundings producing darker larve,
green surroundings lizhter ones.

June 11.—1 beecame mature and spun up.

As in so many other cases in which these experiments
have been made, the dark larve are far more perfectly
concealed than the light ones, but the latter are much
less conspicuous on the leaves than the dark ones would
have been. The very rapid development of these large
larvee 1s somewhat remarkable.

4. ExperiMENTS IN 1889 uroNn CATOCALA ELECTA.

Egas of this species were kindly sent me by my friend
Mr. William White.

May 28: 2 larvee, at this date about 217 mm. long,
hatched May 12 and 13, together with 4 larve, about
14-5 mm. long, hatched May 16 (2 on this date), 18, and
20, were divided into two lots as equally as possible as
regards size and colour, and were subjected to dark and
green surroundings respectively.
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Expeniuexnt 1.
Dark surroundings.
May 28.—3 of the larvic men-

tioned above were introduced, abun-
dant dark twigs being intermixed
with the food.

June 5. — The larvae compared
with those of II., and they were
certainly rather darker than the
latter. Another small larva was
introduced, hatched May 25 or 26.

June 14. — Another comparison
was made, these larve being dis-
tinctly, although not strongly,
darker than those of II.

June 17.—Again compared, with
the same results: a very fair com-
parison could be made between the
3 largest of this and the 2 largest of
Experiment II.

June 25.—2 larve spun up. The
small larva introduced June 5 is
now 2525 mm. long, and very dark,
much darker than that in II.

July 11.—The large larva pupated
much earlier. The small one is now
mature. The difference is very dis-
tinct, but not to be compared with |
that of C. elocata, in which the dark
larva is far darker, and the light
larva far lighter, showing greater
susceptibility in both directions.

like that of C. sponsa.

The development of the lfusz is not remarkably rapid,
The degree of susceptibility

Mzr. Poulton’s further cxperiments upon

ExrermeNt 11
Green surroundings.

May 28.— 3 of the larvee described
(above placed among leaves and
green shoots only.

June 5. — Another small larva
introduced, hatched May 25 or 26.

June 17.—1 has spun up. The
difference between the large larve
here and those of 1. is not great, but
it is all in the same direction.

June 25.—2 larvee spun up. The
small larva is 31-4 mm. long.
July 11. — The remaining larva

spun up at this date.

appears to be about the same as in this latter species.

5. EXxpERIMENTS IN 1889 uroN CATOCALA ELOCATA.

Eggs were kindly supplied by Mr. William White.
The very few larvie which hatched were arranged in

two lots, as in the case of C. eclecta.

The food-plant

employed was poplar (Populus nigra).

Experinent L.
Dark surroundings.

Experivext I1.
Green surroundings.

June 14, — 1 larva introduced;
hatched May 27, and 230 mm. long
June 25. — The larva was much

darker than that of II., its length
being 32:5 mm. Another larva in-
troduced ; hatched June 5, and
22:25 mm. long. It was very light
in colour, as up to this date it had
been surrounded by leaves alome,
viz., under the conditions of II.

June 14. — 1 larva introduced;
| hatched May 31, and 210 mm. long.

June 25. — The larva was 290
mm. long. The strong difference
between this and that of I. was thus
produced in 11 days. Another larva
introduced ; hatched Juune 8, and
13:0 mm. long. It was much darker
than that introduced mnto 1., but

this was partly due to its youth.
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Expermvaent L. LixpertveNt I1.
Dark Surroundings. Green Surroundings,

June 30.—The difference between
the large larve of L. & IL. continued
to be very marked. The small larva
I\'as not seen, and was apparently

ost.

July 11. — Between this and the| July 11. — The large larva had
last comparison the difference be-|been very light brown for sowme
tween the 2 large larvae had greatly | wecks. The small larva was equally
increased, the dark one being alinost | light. Between this date and June
black. The latter was apparently | 30 the two large larvie were seen by
mature, being larger than that in many physiologists and others (Dr.
II. They were therefore painted Burdon Sanderson, Sir William
(July 11), and afterwards preserved  Turner, Prof. . Stewart, Prof.
(July 13). A few days earlier they Gotch, Dr. Page, and Dr. Bradford).
were photographed. Everyone was much impressed with

the extraordinary difference between
| them.

The difference between these larve is indicated in an
uncoloured illustration to ¢ Colours of Animals’ (p. 151).
The larvee were photographed for me by my friends
My, F. J. Smith and Mr. G. J. Burch. In both cases
they were induced to rest upon white paper spills, and
were arranged so that the light fell on the same part of
both from the same direction. The photographs did not
show nearly so marked a difference as was seen in the
larvee themselves. A collotype reproduction from one of
Mr. Bureli’s negatives is shown on Plate XV, figs. 1 (the
dark) and 2 (the light larva). Apart from the colour
difference the representation of the larvee is extremely
g0od.

The number of individuals experimented upon in the
case of the Cutocalide, and especially in C. clocata, would
have been utterly inadequate for the purpose of proving
the existence of colour susceptibility. But this principle
having been firmly based on the results of experiments
with other genera in which very large numbers of indi-
viduals have been employed, the evidence now obtained
is sufficient to show that the principle applies to the
Catocalide. 'The mere extension of a principle to fresh
cases of the same class does not of course require any-
thing like the same amount of evidence as that which
was necessary in the first place to establish the principie
itself.
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6. ExpERIMENTS 1IN 1890 uroN CATOCALA FRAXINI.

Similar experiments were conducted on this species,
but I cannot now lay my liands on the notes. IHowever,
I remember clearly that the results were similar to those
obtained by Miss Gould in the same year, except that
my light larvee did not exhibit a tendency to become
greenish, but were very light brown. My results were,
in fact, similar to those obtained in the case of C. elocata,
and both these species may be regarded as extremely
sensitive to the colours of their surroundings ; while the
other Catocalide investigated, including C. nupta, tested
by Miss Gould, are far less susceptible. It is very
remarkable that closely allied larvee, belonging to the
same genus, should differ so widely in the degree to
which they are susceptible. It is possible, however,
although not probable, that experiments upon larger
numbers may modify these conclusions as regards Cato-
cala. It is, however, known that the same difference
obtains in the pup@ of certain species of the genus
Papilio (Phil. Trans. Roy. Soc., 1887, B, p. 408).

We now pass to more numerous and satisfactory
experiments upon the larve of Geometre.

7. EXPERIMENTS IN 1886 UPON THE LARV/E AND PUPA OF
ENNOMOS ANGULARIA.

The ova were obtained from a captured female, and I
believe that all the larve hatched from one lot of eggs.
The food-plant employed in all cases was elm. The
experiments were arranged May 8 and 9.

I. Dark surroundings. — The twigs of elm were intro-
duced with the leaves. The larve were compared June 12,
when there were 23 alive, and all decidedly darker than
than those of II. By June 15 they were spinning up
rapidly. L am not sure whether there were more twigs
added in addition to those bearing the leaves, but probably
not, considering the relative darkness of 111,

1I. Green surroundings.—The leaves alone of elm were
used. 7 larvee were alive on June 12, and much lighter
than in I.

ITI. Darkness.—The same food-plant, twigs as well as
leaves, was covered by a cylinder enclosed in two thick-
nesses of black tissue-paper. On June 19 they were
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examined, and 19 were found alive, and were distinctly
darker than either of the other lots. This result is ex-
ceptional, for larvee bronght up in this way arve usually
lighter than those among an abundance of dark twigs in
strong light.

Other experiments were made to test whether the
pupa is susceptible to surrounding colours. I have
already described and figured the pupa as dimorphic
(Trans. Ent. Soc. Lond., 1885, p. 319, Pl. VIL,, figs.
20 and 21), ‘““one form being light bluish green, covered
with white dots, and the other dark brownish green,
sprinkled with black dots.” The brown larva becomes
green in its cocoon before pupating (I.c., p. 819, and
fig. 19). DMany larve in this condition, and in the
earlier brown state, were placed in paper cocoons of
various shades,—black, green, white,—hut no corre-
sponding differences were seen in the pupz. I should be
glad for this experiment to be tried again, employing
more natural substances, such as brown leaves and bark,
green leaves, &c., and applying these conditions to a
somewhat earlier period of larval life.

There is no doubt that the larve of this species are
highly sensitive to the greens and browns in their im-
mediate surroundings, but there is at present no reason
for the belief that the pupa is similarly susceptible.

8. ExpErmeENTs 1N 1886 UPON SELENIA LUNARIA.

Moths bred from purchased pup@ paired and laid the
egos which provided the material for these experiments.
I am not sure whether all were produced from the same
parents. The experiments began June 8—11, when the
larvee were arranged as follows : —

L. Darlk surroundings. — Fed on Quercus cerris, the
dark twigs being present as well as the leaves. About
80 were infroduced June 9, of which only 19 were alive
June 26, and the same number July 13, when they were
compared. These larvie were extremely dark as a whole,
and very different from those in II., being much darker
than the darkest of the latter.

II. Green surroundings. — Fed on leaves of Quercus
cerris without any dark twigs. Introduced June 9, aud
18 alive July 18. They were very variable, but none
very dark, and much lighter than the larve of I. 1t
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should be remarked that the leaves of this species of oak
are very dark green.

III. Green swrroundings.—Fed on leaves alone of elm,
and from July 8 on variegated elm, the leaves of which
are of course much lighter. Introduced June 8, and
5 alive July 13. These were much lighter than II.,
and 3 out of the 5 extremely light. These larve were
advanced in size.

IV. Green surroundings. — Fed on leaves alone of
Quercus eerris, in a cylinder surrounded by a single
thickness of green tissue-paper, and a roof of the same.
20 larvee were introduced June 10 and 11, but most had
died by June 26, and, on July 13, only 8 small darkish
larve were left. The paper screen had prevented the
leaves from being seen, so that they had become brown
and withered, accounting for the failure of this experi-
ment.

There is no doubt that these larvee are highly sensitive.

9. EXPERIMENTS IN 1887 UPON THE LARV/E AND PUDE
oF KEPHYRA OMICRONARIA.

(See Table, page 307.)

In addition to the experiments of which details are
given on the opposite page, there were others which are
not noted. Dark surroundings were employed chiefly in
the form of intermixture with dead brown leaves, princi-
pally of ivy and oak. There was also another set of 11
larvee reared successfully in almost complete darkness
(surrounded by one thickness of black tissue-paper). The
larvee in nearly all cases became pupee, many dozens beiug
produced, and giving rise to imagos; but, aswith the above
experiments, the results were invariably negative. Every
larva and every pupa was green, and this although large
numbers of the latter were fixed to brown leaves, on
which they were conspicuous, and although most of the
former had been surrounded by these dark objects for
nearly the whole of their lives; for the leaves on which
the stock of larvee was kept often became brown, and dark
twigs of the food-plant were invariably present during
_the carly stages, if not always (as was the case with
most larvae). There is no doubt that . omicronaria is
not sensitive to the surrounding colours.

It must, however, be remembered that the species only
exhibits a trace of the dimorphism which is so marked in
the allied E. pendularic and E. punctaria. Nevertheless
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brown varieties of the larve of E.omicronaria, producing
brown pupwe, are not unknown, for I bred one in 1883
(Trans. Ent. Soc. Lond. 1884, p. 51, and Plate I., fig. 10).
It would be desirable to repeat these experiments upon
other species of the genus.

10. ExperiveENTs IN 1887 uroN MELANIPPE MONTANATA.

A female captured at Oxford laid the eggs from which
the larvee of these experiments were hatched.

ExpernieNTt I. Experivent 11
Dark suwrroundings: dead leaves Green surroundings: green leaves
and bits of brown stick intermixed of food-plant alone, but these
with food-plants (primrose | became brown from time
and polyanthus). to time towards end of experiment.

June 30.—27 newly hatched larvie | June 30. — 23 larve from same
introduced. batch of eggs introduced.
July 17.—27 larvee; very remark- . July 17.—23 larvee ; about 9 mm.
able difference between these and II., | long in both I. and II.
the latter being much lighter.
July 80. — 27 larvee; still much!| July 80. — 20 larve; both lots
darker than II. were brown, but these far paler.
Aug. 21.—27 larve ; the difference |  Aug. 21. — 19 larve; the larvie
was now much less, although these  had been somewhat neglected, and
were still probably the darker lot. |the leaves had partially become
brown, hence the darkening of these
larvee, and smaller difference be-
tween the two sets.
Aug. 30. — 27 larvee ; still appa-| Aug. 30.—20 larvee,
rently slightly darker.

It is quite evident that these larvee are very sensitive,
and can adjust their shade of brown to that of their
surroundings, becoming very light in a green environ-
ment. Two adjustments took place in the larvee of
Experiment IT., for they became at first pale upon the
green leaves, and then dark when the leaves were allowed
to become brown. The first change is shown to have
been complete in a little over a fortnight; it probably
occupied a still shorter time.

11. ExperRIMENTS IN 1888 uroN BoARMIA ROBORARIA.

A few larve were obtained from eggs laid by a female
moth captured by Mr. Arthur Sidgwick, who kindly
allowed me to experiment with them.
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Experivext I.
Dark Surroundings.

ExpeEriyeENT II.
Green Surroundings.

Aug. 19. —7 larve introduced ;
average length, 11-4 mm. Dark
twigs intermixed with food-plant
(oak).

Aug. 24.—Older leaves of a darker
green were offered at this date. On
all other occasions, unless specially
noted in this and other experiments,
1 was careful to use leaves of the
same age.

Sept. 2. — Refed; the average
length in both I. and II. was now
16-1 mm.

Sept. 13.—Theaverage length was
now 206 mm. The difference in
colour was very great. The lightest
of these 7 were much darker than
the darkest of II. These were
rather variable, and marked with
various shades of grey and brown.
It is true here, as in all experiments
with stick-like larvie, that, except
when feeding, they are almost in-
variably found resting on the twigs.

Sept. 30.— The average length
was the same; it is therefore pro-
bable that they had ceased feeding
for some little time.

Nov. 12.— The larvae were care-
fully compared for the last time : 1
had died. The 6 larvae were various
shades of dark brown, with patches
of greenish brown often present, and
far darker than those of II.

Aug. 19.—7 similar larve intro-
duced.

Aug. 24. — Younger leaves of a
lighter green were offered at this
date.

Sept. 2.—Also refed. The effects
of surroundings were already very
marked, the experiment having
lasted about a fortnight.

Sept. 13.—The general effect of
the larve was greenish ; their colour
may be described as a light greenish
grey; they were very slightly vari-
able in colour and marking.

Sept. 30. — The difference was as
marked as before.

Nov. 12,.—All 7 larve were of a
light greenish brown. They had
now been hybernating, and had not
been offered food for a long time.

I had arranged to continue the experiments through

the winter, some of the lightest larvae being exposed to
dark surroundings, and vice versi. It would be very in-
teresting to test whether there is any susceptibility at
this period when concealment is so especially necessary.
It is, however, improbable that any susceptibility exists
at this time because of the physiological inactivity of
hybernation. It must furthermore almost invariably
happen that the larve remain resting throughout winter
upon surfaces with which they had previously been
brought into resemblance. Theexperiment failed, because
only a single larva survived the winter. This individual
spun a cocoon May 25th, 1889.
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It would also be interesting to continue the experiment
beyond hybernation. In the case of Geometra papilo-
naria it has been shown that the larvee are sensitive to
colour influences before hiybernation but not after, when
they become dimorphic. It is improbable that this is
the case with B. roboraria, in which I anticipate that the
susceptibility will be found to continue.

The species is certainly highly susceptible before
hybernation.

12. ExpERIMENTS IN 1888 anD 1889 urox GEOMETRA
PAPILIONARIA.

1888.

The experiments in 1888 were conducted upon the
larve after hybernation, when it is well known to be
dimorphie, appearing as green and brown forms.

The hybernated larve hatched from one set of eggs
were placed in dark and green surroundings early in the
spring of 18883, the date being unnoted. They were sub-
sequently compared as follows : —

ExpERIMENT 1.
Dark Suwrroundings.

Expermvent 11
Green Surroundings.

May 22. — 6 larvie, much larger
than those in IL., 3 nearly adult, 2 |
green and 1 brownish; 3 half-grown,
green, with brownish on back.

May 27.—1 green one has spun;
1is brown and the rest green; no
further change occurred after this
date.

June 1.-—1 green larva spun.

June 7.— The remaining larve
spun.

May 22.—8 larve: 1 nearly ma-
ture and green; 3 half-grown and
green, but more distinctly brownish
on back than those in I.; 4 smaller
and chiefly brown.

May 27.—4 large and all green,
like those in I.; 4 much smaller, 1
brown (very small), 3 brown and
green.

June 1.—1 green larva spun;
of the small ones had become green.

June 7.—3 green larvie spun; 1
small larva remains brown and 3
green.

2

<

The results are thus negative.

have made, but not recor
results. It is probable tha

Other experiments I
'ded, also led to mnegative
t the green or brown form

cannot be assumed by any individual as the result of
susceptibility to surroundings during the stages which
immediately precede that in which they become dimorphic
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(viz., the last). It is still possible, although unlikely,
that some predisposition towards either form may follow
from the influence of environment during the earlier
stages which are certainly susceptible (as will be shown
below). Against such a view must be set the fact that
bothi green and brown forms are found among larve
which have been kept together in a muslin bag upon the
same branch ever since hatching, or at any rate since
the first stage. I have observed this several times in
different years.
1889.

The experiments in 1889 were conducted upon the
larvee before hybernation. I had already shown that
these younger larve are certainly susceptible and capable
of becoming either light or dark brown, according to the
colours of their surroundings (Trans. Ent. Soc. Lond.,
1888, p. 593). I was anxious to test this conclusion
still further.

On July 3rd about 24 newly-hatched larvee were placed
in a eylinder, and fed upon filbert leaves, surrounded by
abundant dark twigs ; while an equal number from the
same batch of eggs were placed in a similar cylinder,
containing the leaves alone. On July 11th the two lots
were compared. The larvee were about 5°25 mm. long,
and those in dark surroundings were decidedly, but not
strongly, deeper in tint, some effect having thus been
produced in about 8 days. Later on in the summer (date
unnoted) they were again compared, and the differences
were more pronounced. The larve did not survive the
winter.

It is therefore clear that these young larvee are dis-
tinctly susceptible during the earlier stages, when they
are not as yet dimorphic, but only exhibit various shades
of brown.

13. ExperivMeENTs IN 1890 uroN PHIGALIA PILOSARIA.

38 larve hatched in a cool cellar a few days before
April 26th, when they were first fed (on Populus nigra
and elm). The experiments did not begin until May
12th, when the larve were of an average length of
20 mm. in the curved position of rest. They were then
divided among 4 cylinders as follows :—
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Dates.

ExpermeNt I,
Dark Surround-
‘ings (dark twigs).

ExpErnIENT IT.
Dark Surround-
ings (dark twigs).

ExpEriMENT IT1L

Green Surround-

ings (leaves, &e.,
alone).

Exrermext IV,

Green Surround-

ings (leaves, &e.,
alone).

May 12
,» 17 Average length of

10 introduced.

31+5 min. in all ex-
periments. Larve

9 introduced.
Asin L

10 introduced.

Distinetly  but
not greatly lighter
when eompared as
a whole with I.

9 introduced.
AsinIIIL. 7 alive.

on the whole ra-

ther darker than and II. 9 alive.
those in III. and
Iv.
,, 23 All full-fed. As| TFull-fed. Asin| TFull-fed, and| Full-fed, and 1
slightly | I. most of them seek- | seeking pupation.

before,
l darker than IIL
land IV., but little
ditference.

ing pupation.

The fact that there was some noticeable difference
probably indicates considerable susceptibility, remem-
bering the late period at which the experiments began,
and the rapid growth which at once set in. It is likely
that these experiments will prove to be chiefly interesting
as showing, with some of those conducted upon A. betu-
laria in 1892, the comparatively early stages during
which the colours of the mature larve are determined in
species which possess the power of individual colour-
adaptation.

14. ExperiMENTS IN 1887 axD 1888 uron CrocaLLis
ELINGUARIA.

1887.

A batch of eggs of this species, laid by one moth, was
sent me, in the autumn of 1886, by Professor Meldola.
They hatched in the following spring, and were at first
fed n a bottle, being offered privet, hawthorn, and lilac.
The latter food-plant was preferred, and, after April 25th,
was alone employed. The experiment was begun at this
date. The tabular form is unsuited to the notes taken.

April 25.—The largest larvie were about 15-0 mm. long ; 8 were this
size or rather smaller, while 4 were much smaller (about 8 mm. long),
and 1 intermediate between these two lots. 4 of the larger larvee and 2
of the smaller were placed in dark surroundings, while the remaining 7

were placed in green surroundings. The two small ones in the latter
were subsequently isolated, although the surroundings were still green,
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May 23.—5 in green surroundings and 4 in black were now nearly
mature, being about 42:0 mm. long. There was a very marked difference
between the 2 sets of larvie, especially on the ventral sides. They were
now (8 a.m., May 23) reversed, the 5 being put in darkand the 4 in green
surroundings, to test whether rapid changes of colour could occur; 2 in
black and the 2 solitary larve in green remained small, and were inter-
changed also.

May 24.—Noon. No change of colourin the interchanged larve. All,
except 1 large and 2 small dark larve and 2 large light ones, were
removed for painting.

May 26.—10-30 a.m. The smaller of the 2 dark small larvie now
seemed to have been affected slightly by the green surroundings, for it
was somewhat lighter. The others were unchanged, and were now
replaced in their original environments. The 2 now replaced in green
were about mature, and very light coloured ; the other 3, one of which
was quite mature, being dark.

The other larve were subsequently replaced, and the
pup® of the two lots kept separate. Many eggs were
obtained from moths which emerged from the pupe of
dark larvee, and these formed the material from which
the experiments were continued in the following year, as
described below.

This experiment showed conclusively that the larve
are very sensitive to the colour of their immediate
environment, and also that the effects are gradual, and
cannot be rapidly reversed by changing the surroundings.
Greater effects might perhaps have been produced if the
8 larger larvee had been subjected to experiment at an
earlier age.

1888.

These larve were obtained from eggs laid by moths
developed from the dark larvee of the previous year.
From the arrangement of the eggs it seemed probable
that they were the product of a single pair of moths, but
it was impossible to feel sure of this. The experiments
are shown in tabular form below.

[ Experimext 111

ExperivENT 1. Kxprrinent IL

Dark Swrroundings.

Green Surroundings.

Green Surroundings
in the dark.

Larve hatched and intro-

duced April 27, 29, and

May 2.

May 6.—Dark twigs in-
troduced ; 17 larvie alive.

DMay 18.— Larve about
19:3 mm. long. A wvery
marked difference between
these and II.; seems to have
appeared suddenly during
the last 24 hours.

May 19.—17 larve.

TRANS. ENT. 80C.

Larvee hatehed April 27,
23, and 29, and introduced
| same dates.

May 14, — 17 alive; 8

small cylinders, subject to
| the same conditions ; 9 were
left in the original cylin-
der.

LOND. 1892.—PART 1V.

were separated and placed |
in lots of 3, 3, and 2in 3 |

Larve hatched and
introduced April 30
and May 1; 1 added
May 4.

May 14.—15 alive;
many had escaped.

May 22.—14 larve.

2]
=
52)

(pEC.)
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Experivent II.
Green Surroundings.

ExperiyMent 1.
Dark Surroundings.

Experivent II1.
Green Surroundings
in the dark.

May 27.—16 larvee; the | May 27.—Lotof9 : Many '
least dark twigs were re-|nearly full-grown; 6 being
moved and replaced by very large and very light, 1 |
black ones. The larve were | darker. 2 smaller larvae
all very dark, 5 being ex-| were much the darkest. A
tremely black. They were | remarkable difference be-
not quite so large as II. tween these 9 and the larvee

of Experiment I.
First lot of 3 (modera.te-l‘
sized larvie when separated !
| May 14).—Larv:e becoming |
| very light, perhaps more so
than the lot of 9. |
Second lot of 3 (small
[larvm when separated May
14). — Larvee were still |
.smalL
Lot of 2 (moderate-sized
| when separated May 14).—
Both larve becoming very
light, with a greenish tinge. |

May 30.—9 very dark,| May 80.— Lot of 9: 7
although 5 were still black- | nearly mature; 6 very light ;
est. The remaining 7 were | 1 large one and 2 smaller
removed to another cylin- | ones were distinctly darker

der with similar surround-
ings ; 2 of them were nearly
mature and dark, although
not so deep a tint as the 9.
The 5 smaller larve were
dark, but varied in depth.

June 2.—The 5 smaller
larvee were becoming very
dark; the 2 large ones had
also deepened, but not so
much as the others: they
were now practicallymature.
No note as to the 9 dark
ones, which were probably
unchanged.

June 4.—2 of the darker
lot of ¢ and 2 of the less
dark lot of 7 were preserved.
The former were not the
blackest individuals.

than the 6, but not like the
larvee of 1.

June 1.—Lotof 9: 2light
ones spinning; another
matured June 2.

First lot of 3.—Becoming
light ; 2 very light, like the
lightest of the lot of 9.

Secound lot of 3.—Becom-
ing lighter.

Lot of 2.—Very light, as
light as any in Experiment

Juned.—Lot of 9: 2light
ones spun up, and 1 drowu-
ed accidentally ; the large
darker one preserved : it
remained much darker than ‘
the others to the end. 1

I'irst lot of 3.—1 dead

larva); 1 spun and 1 pre-
served.

Second lot of 3.—Iad be-
come still lighter, especially
the 2 larger, which were
preserved. No further notes
of the remaining larva.

May 27.—11 larvie ;
they were small, darker
than II., but much
lighter than I.

June 1.— The larvee
were now becoming
darker rather sudden-
ly ; they were consider-
ably smaller than those
of I. and II.

June 4.—11 larve, a
good deal darker than
IL, but not dark like
I., being much nearer
to the former; 4 pre-

served, 1 of which was

much lighter  than

(probably the least light |others.
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Expermvent I.
Dark Surroundings.

Exrernent II.
Green Surroundings.

315

Experivent II1.
Green Surroundings
in the dark.

June 6.— The lot of 9:
2 had been sent away June
4; the remaining 7 were
spinning or just about to
spin. They remained ex-
tremely dark to the end.

The lot of T.—2 had been
sent away June 4; 2 were
spinning ; the remaining 3

June 6.—Lot of 9: 1 of
the darker larvae spun up ;
no further notes of the
other. They remained com-
paratively dark to the end,
but not like the larve of
Experiment I.

Lot of 2.— These very
light larve were both spin-

were quite dark, like the|ning up.

lot of 9.

June 10.—Of those left,
1 spun and the remainder
were preserved.

June 8.—2 spunnp;
now thatthe larve were
mature their tint was
unchanged. They all
remained much darker
than II., but far nearer
these than the larvie
of I.

These results confirm those of the previous year, and

show the great susceptibility of the larvee. The effects
seem to have become prominent somewhat suddenly
after about 12 days’ exposure to the conditions of experi-
ment.

Experiment ITI. proved that the larvee are far more
strongly affected by dark surroundings in a strong light
than by darkness. This result has been confirmed in
other species, and may be considered as established (see
especially experiments on Amphidasis betularia in 1892).

By far the most important result, however, is found
in the fact that the susceptibility to green surroundings
was not diminished by the fact that the parent larvee
had been made dark by dark surroundings in the previous
year. The comparison between L. and II. leaves no
doubt on this point. The rather less complete resultsin
the lot of 9 in IT. were probably due to the effect of these
large larve upon one another. When less crowded the
effects were more marked.

There is evidence, then, so far as it can be relied on
in one generation, that these marked characters, acquired
in a normal manner, and very early in the life of the
parents, are not transmitted to their offspring, even in
the form of a tendency or bias in one direction rather
than another.

2 B2
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15. ExPERIMENTS IN 1889 UPON THE LARVE AND
c0Co0Ns oF JIEMEROPHYLLA ABRUPTARIA.

A captured female laid

the eggs from which were

obtained the larvee employed in the following experi-

ments. The great majority

a single larva appearing on the 4th.

of the eggs hatched June 5,
They were fed

together until June 17, when the experiment was begun.

Experivent I,
Dark Surroundings.

June 17.—20 larvae of an average
length of 7+ mm., and most of them
12 days old, were introduced ; many
very dark twigs (of Quercus cerris,
&e.) being intermixed with the food-
plant.

June 30. — Larvee compared.
There was a most remarkable differ-
enee between them, these being very
dark, almost black. The effeet had
thus become marked in 13 days or
under. The larve were of an average
length of 150 mm.

July 14.—All the 26 were alive,
and very uniformly dark. Their
size was about the same as those of
Experiment II.

July 25.—2 larve had spun up.
The 24 remaining larvee were com-
pared for the last time with those
of I1. The difference was wonderful,
and there was no exeeption on cither
side.

July 26.—1 larva had spun up.

ixPERIMENT II.
Green Surroundings.

June 17.— 25 similar larvie sur-
rounded by leaves and green shoots
of lilac. Leaves of similar age and
from the same plant were supplied
to 1. Up to this date the 51 larve
had been fed under the conditions
of I1., viz., among leaves and shoots,
without the intermixture of any dark
sticks.

June 30.—The davkest of these
larvie were probably lighter than
the lightest of the others.

July 14.—The largest larva were

31:0 mm. long, and were nearly
full-grown. The most usunal length
was 250 mm., some 3 or 4 being
I much shorter (about 18:0 mm.). All
25 were alive. The eolour was ex-
tremely uniform, being a pale brown
with a greenish tinge in the lightest
individuals.

July 25.—24 larve still feeding,
and compared. Both lots were
pliotographed at this date.

July 26.—6 of the largest larvic
!'were put under the conditions of I.,
| but there was no change.

These larvee are thus seen to be extremely sensitive.

I was kindly helped by
graphing the larva.

Mr. G. J. Burch in photo-

Isochromatic plates were used,

and the most favourable results were obtained when
the larve were exposed for 30 seconds to the light
from a small magic lantern (with a paraffin lamp), after
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passing through a sheet of yellow glass.  The larve
were resting on a picce of black net, and the dark and
light varieties were intermixed, so that examples of both
were 1n areas of all degrees of illumination (which differed
greatly on the two sides of the net). A collotype of the
negative is shown on Plate XV., fig. 3.

The larvie were painted by Miss Cundell on July 27,
and reproductions of the drawings are shown on Plate
X1V, figs. 1 and 2. The larvie are represented of the
natural size, and the colour-difference is very well shown,
although the attitudes of the resting larvie are not quite
natural. They were probably temporary attitudes as-
sumed after disturbance.

The colours of the cocoons were also tested in these
experiments. At first sight the power of adjustment to
the surface of attachment seemed to be undoubtedly
present, but when I examined the cocoons in 1889,
I soon found that the appearance was due to adventitious
material being woven into the fabric. The resemblance
to surroundings is extremely perfeet, and so well packed
and so small are the foreign particles that the light
brown silk does not in the least interfere with conceal-
ment on a dark surface. This is shown in Plate XIV.,
fig. 2, where a cocoon is represented on the right side of
the base of the twig of Querens cerris. When the cocoons
were spun on muslin, the larvee had but little power of
gnawing off fragments, and these being few and thinly
scattered, the appearance of the cocoon was made up by
the light brown silk. Their power of dealing with paper
was superior to that of dealing with muslin, but far less
than when supplied with bark, which 1s probably the
natural surface on which they spin.

16. Exrerinents 1N 1886, 1887, anxp 1888 vron
Rumia crarmeara.
1886.

These experiments have a personal interest to e,
inasmuch as they first indicated that the power of
individual colour-adaptation was widely present among
lepidopterous larvie, and was best studied among the
most perfectly concealed forms, rather than amouyg the
Sphingide. 1 have already said that [ owe the suggestion
to test this species to Lord Walsingliam.

A captured female laid the eggs which furnished the
material for this experiment.
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Exrerivent I
Dark Surroundings.

Exreemexr 11,
Green Surroundings.

June 26. — 9 larve introduced;
dark twigs mixed with the food-
plant (hawthorn), black paper floor
and roof to cylinder.

June 27.—13 more larve added.

July 14. — Only 4 now alive ;|
small and brown. |

July 24.—All but 1 much darker |
than other lot; that 1 about the |
sameas the 3 in the green eylinder. |

Aug. 12.—3 alive; 1 so dark as
to be almost black; another larger
one was dark brown, mottled with
grey ; 3rd small and dark brown.

Aug. 13.—The largest larva was
painted (sce Plate XIV., fig. 3).

Aug. 28.—The very dark larva
continued almost black. There was
no trace of green in any of the three.

Sept. 5.—The largest had spun
up a few days before.

Sept. 17.—The less dark of the 2
remaining larvee was painted (see

Plate XIV., fig. 4), but both were
now very dark, and no trace of green
wasg seen on the darker one, exeept
on using a lens. A little green was
present on that which was drawn.

Sept. 28.—-The 2nd larva painted
had spun up.

Oct. 4.—The darkest larva had
just spun up. It had previcusly been
painted (see Plate XIV., fig. 5).

- [

June 25.—29 larva introduced ;
leaves only, with green paper floor
and roof to cylinder.

July 14.—Only 5 now alive ; quite
small, and various shades of brown.
July 24.—Only three now alive.

Aug. 12.—Not so large as in I.;
the largest was light brown mottled
with grey, and with green apparently
showing through in many places;
the next in size was a little darker
brown, witha distinet squarish green
patch on each side of the humps on
the 3rd abdominal. There was also
green in other parts, especially on
sides of 6th, 7th and 8th abdominals.

| The 8rd and smallest was darkish

brown.

Aug. 13.—A most striking change
had taken place in the last 24 hours
in the clearing up of the opaque
brown pigment, and the consequent
appearance of the underlying green.
The whole effect was now as much
green as brown. This chiefly applied
to the 2 larger larve; on the 12th
they had been brown mottled with
green (as the smallest was now);
on the 13th they were as much green
as brown.

Aug. 28.—The smaller larva re-
mained the same; the others were
not quite so green as on the 13th,
but still a distinct greenish brown,
a bluish grey ‘“bloom” having ap-
peared on the larger one.

Sept. 17.—The largest, with the
“bloom”’ on it, nearly full-fed, was
painted (see Il'late XIV., fiz. 6);
the next in size was much lighter in
colour, and a yellowish brown with
green appearing through in various
parts. The smallest was a dark
brownish green, but still much of
the latter colour present on it.

Sept. 23.—One of the larger ones

‘]m,d spun up a day or two. The

lighter large one was painted about
this time (sce Plate XIV., fig. 7).

Sept. 26.—The smallest had died ;
it was lighter than any in L., but
not light like the two larger in this
experiment.




the colours of certain Lepidoptera. 319

These results show that the larvee ave very sensitive to
the eolours of their normal surroundings. This was the
first species in which green and brown environments
had respectively produced green and brown larve. In
others the former had merely produced very light brown
larvee, and this is still true of the great majority of
species as yet tested. The results determined me to
conduet the same experiment more carefully and on a
larger scale in the succeeding year.

It is interesting to observe that, although there was so
marked a difference between the larve in [ and II., con-
siderable individual differences were noticeable in each
set. The sets varied in the amount or distribution of
darkness and greenness respectively, and in the amount
and distribution of ¢ bloom.” Although the conditions
were the same for each set, the larvee reacted rather
differently, according to their individual predispositions.
I find this to be the case in many species, but the results
become more and more uniform as the conditions are
applied earlier, and as care is taken thut they shall be as
extreme as possible throughout. But when every pre-
caution is taken, occasional exceptions show that there
are sometimes strong individual differences of predis-
position. This will appear in some of the experiments
on Amphidasis betularia.

1887.

(See Table, pages 320, 321.)

These larvae were shown at the British Association at
Manchester, and a brief summary of the result is printed
in the Report of the Meeting (see Report, 1887, p. 756 ;
also ‘Nature,” vol. 86, p. 594). Professor Weismann,
who was staying with me before the meeting, compared
them carefully ; he subsequently alluded to them in his
essay, “ On the Supposed Botanical Proofs of the Trans-
mission of Acquired Characters’ (1888). See Weismann,
“On Heredity,” Oxford, vol. i., 2nd edition, pp. 406, 407.

One of the chief interests is, however, due to the fact
that the moths produced by the larve of Experiments I1.
and III. paired and laid eggs, providing the material for
the next year. As the larve of 1I. had been made dark
by their surroundings, and the larvae of IlIL. green, and
as the offspring of both were subjected to both these con-
ditions, the test of any hereditary result was unusually
complete.
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1888.

The larve hatelied from eggs laid by moths from
Experiment II. (1887) will first be considered. The
pupe of this experiment were kept in one receptacle,
and the moths emerged together, so it is impossible to
decide upon the number of moths which laid eggs; but
the small batch obtained favours the conclusion that only

one did so.

The experiments on this lot of larve are given below

in a tabular form.

i XPERIMENT [.
Dark Surroundings.

July 1.—12 larvee introduced, still
quite young.

Aug. 5.—10alive ; larve were still
small and not very dark yet.

Aug. 19.—10 alive; much darker
than II., but not so dark as might
be expected from the dark surround-
ings. Most were nearly mature.

Sept. 3.—9 alive; 1 spun. The
results were not nearly so marked
as in II., but they were much darker
than these; 3 of them were grey
rather than dark, the remainder
being darker, but only one very dark,
and this with some green on it.

Sept. 12.—1 more had spun and
7 left.

Sept. 14, — Still 7 left, and not
very dark considering the condi-
tions; 3 were greyish and 1 of the
darkest was still greenish. Com-
pared with the larvie descended from
moths of Experiment III., 1887,
those in I. (of which only 5 could
now be compared safely, because the
others had undergone changes pre-
paratory to pupation) were ratlier
darker than these 7, but not much.
On the other hand, these 7 were
rather darker than the 4 II., and
much more so than the 51V. There
was only 1 IIL left for the purposes
of comparison, and this seemed to
be about the same as these 7.

ExperiveNt II.
Green Surroundings.

July 1.—12 similar larvee intro-
duced.

Aug.5.—8alive; still small. Com-
pared with L., these were decidedly
lighter and somewhat greener ; they
were not as yet very light and green.

Aug. 19. — 8 alive; these were
elearly greener and lighter, and good
examples of the effect of green sur-
roundmgs.

Sept. 3.—8 alive, 3 having spun
up; 2 full-fed and green-grey in
colour: the results very characteris-
tic of green surroundings. 3 smaller
and not quite so green, but still
light varieties.

Sept. 12. — 2 more had spun and
3 left.

Sept. 14.—Still 3 left; they were
very pale greenish grey, showing
distinetly the effects of the experi-
ment, far more than in I. Com-
pared with larvie from moths of
Txperiment I1I., 1887, these 3 were
certainly lighter than the 5 IV. now
left, mueh lighter than the 1 III.
and 4 II., and far more so than
the I.
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Conclusions are best deferred until the description of
experiments upon moths produced by the larvee of Ex-
periment III., 1887.

As in the last experiments, it is impossible to decide

the number of moths which laid the eggs.

The larve of

these experiments were hatched on June 16th, 1888, and

other days not far removed.

The young larve were kept

together until July 8rd, when many were arranged in
On July 7th a further
number were divided between 1I. and IV.

Experiments I.

, 1L., and III.

Experivent 1.

Exreriuext 11,
Dark Surroundings

ExreriveNt I11.

[
ExreriveEnt IV.

Dates. | Dark Surroundings i C Green Green
(dark twigs). (iti'fl}; S‘:gﬁ ;g;)i;‘;‘_i Surroundings. Surroundings.

July 3 23 larve intro-| 12 larve intro-| 36 larve intro-| July 7.—8 larve

duced. duced; 8 more ad- | duced. introduced.
ded July 7.

July 20| DMore dark twigs| Atthisdatetwigs| Examined;mueh| 13 larve intro-
added, although |covered with black | effect was seen to|duced from III.
many were present | paper were substi- | have been produced.
already. Marked ef- | tuted for the ordi-| 13 larve removed
fects had been pro- nary dark ones.|from here and in-
duced. Their number was | troduced into IV.

' gradually increased
'for about a week.

Aug. 6 22 larvee living:| 20 larve living;| 21 larve living.| 21 larve living.
compared with | many of theselarvae | These larvae were These werelikeIIl.,
others these were| were greenish |much greener than|except that none
considerably darker | brown. The slight { I. and II. ; only two were very brown.
than any of the|effect of the black |of them were dark The marked green-
others, including | twigs here was one|and brownish ra- ness of III. andIV.
II. Only 1 or 2|of the most inte-|ther than green, is vemarkable as
larva were greenish | resting things in | and these not very | compared with the
brown, like many of | this comparison. |dark. 1 larva had|less marked dark-
II., and these less spun at this date,|ness of the other 2
distinetly so. and 1 previously. |lots, even I.

Aug. 19| 3 had spun. 3 had spun. Many had now| Many had now

spun, for the most | spun.
part a few days pre-
viously.
S 4 || oocoo00000000000 Only 8remained, | Only 2remained;
/the vrest having | both greenishlarve
spun. The 8 are
|full-fed and dark-
ish, although by no |
|means  extremely
dark. .
Sept.14| Only five larvee| 4 larve could be 1 larvaonlycould| 5 larve could be

could be relied on
(the others having
spun or changed
colour before pupa-
tion). They were

relied on. They are
jof a rather dark

greenish brown, cer- |

tainly darker than
1V., but not greatly

dark, but not ex- | so.

tremely dark forms,
but  considerably
darker than the 7
of Experiment I. de-
scended from moths
of II., 1887,

he compared: itre-
sembled those of 11.

compared ; 4 were
of a light greenish
brown, and much
the lightest colour-
ed larve at this
date in this set of
| experiments, 1 re-
sembled LI, and I1I.
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Experiment II. is interesting, in showing that black
paper-covered sticks are not nearly so effective in pro-
ducing dark larve as dark twigs, although the latter are
less black. At the same time it must be remembered
that the former tend to become grey from the growth
of mould.

The comparison between these and the former larve
of this year certainly shows that the results produced
in the parent larve in 1887 were not hereditary. A
careful comparison was made on Sept. 14th (see both
sets of tables), showing that the larve descended from
those which had been made green (III. in 1887) were not
only darker than those descended from larvae which had
been made dark (II. in 1887), when both were exposed
to conditions which tended towards darkness, but the
converse was also true, viz., the larve of the former set
became less green than those of the latter, when both had
been subjected to green surroundings. In other words,
the tendencies exhibited were rather the reverse of those
to be expected by the operation of heredity, and it seems
clear that no bias whatever was imparted to the off-
spring by the conditions to which the parents had been
exposed.

In addition to these two sets of experiments, another
set was conducted in the same year (1888) upon larve
hatched from eggs laid by a captured female. These
eggs hatched June 18th and 19th. Thus all the larve
in this set of experiments came from the same parents.

Expermvent II.

Exvermment 1. Exrerivent IT1L

ates. . reen Surroundings s
Dates Dark Surroundings. Gree _Sunou ding Green Surroundings.
in dark.
. - . . . | . . .
July 1 45 larve introduced| 45 similar larve in-| 45 similar larve in-
when quite small. troduced. | troduced.

July 21 All had escaped ex-| 34 or 35 larvee alive.  39larvaealive. Leaves
| cept 3 by gnawingholes | The leaves found to be had become verybrown.
in the black tissue-pa- | withered and brown Larve had not become
per roof to eylinder.|when examined Aug. | green.
Black net substituted, | 19,
and 12 larvee intro-
duced from II. and
ITIL., making 27 here.
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Experivent L.

Dates. Dark Surroundings.
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ExreriveNt IIL
Green Surroundings
in dark.

Experive~t I11,
Green Surroundings.

Sept. 4 ! 12 larvee alive. They
were carefully com-
pared, and no effects |
were to be seen, all the |
larvee of L., I1., and ITI. |
being darkish. The

larvee in the latter were

(evidently affected by
the frequency with
which the leaves had

_become brown.

9 alive. Many were
now spinning, and the
rest nearly mature.
This lot is but slightly

‘ different from  the
| others, which are prac-
tically the same ; these
are no darker, but ex-

Sept. 14

12 larvee alive; 2
had spun up.

17 larvee alive; 1 had
spun up.
|
\

10 larvee alive. 13 larva alive.

i

These larvee were somewhat greener
than in I., but it was a very brownish
green; a colour which, however, con-
cealed them very effectually among the
greenish brown leaves which surrounded
them.

hibit rather less of a
greenish tinge than the
others.

It is evident that these experiments were treated with
some neglect, and the food not changed sufficiently often,
so that the leaves became brown, and remained so for
some time. The results are, however, interesting,
showing that such surroundings produce a powerful
influence, no less than those provided by dark twigs ;
and in the case of Experiment I., it is clear that the
effects of the latter were mitigated by those of the
former. The results of Experiment II. harmonise with
those of other experiments in which darkness produces
darkish larve intermediate between the effects of dark
surroundings and of green surroundings in the light.
T'or this would have been the position of the larve in 1L,
had the experiments upon I. and III. been carried out
with care.

After the experience I have now had with Amphidasis
betularia, 1 should be glad for the experiments on I.
crategata to be repeated with the use of other greener
food-plants, such as Populus nigra (if, indeed, the larve
would eat this plant). I anticipate that bright green
larvee might be produced in this way without any of the
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brownish shade or ““ bloom,” either or both of which are
usually found when the green surroundings are contri-
buted by hawthorn. It would also be interesting to test
the effect of dark lichen-covered twigs on this very sensi-
tive species.

While larva-beating during the past antumn (1892), I
have noted the colours of the larve of this species beaten
from various bushes of hawthorn and blackthorn, and I
always found a most marked correspondence between
the appearance of the larva and the particular bush on
which it had lived. The bushes, even when belonging
to the same species, differ greatly in the darkness of
their twigs, and the amount of bloom-like superficial
colouring. These individual differences were faithfully
reproduced, showing the efficiency of the power of colour-
relation to surroundings in promoting eoncealment under
normal conditions.

Some of the cocoons produced in these experiments
are described in Proc. Eint. Soc. Lond., 1888, p. xxviii, as
illustrations of the power of individual colour adaptation,
being brown when spun upon green paper and green
leaves, but white when spun upon white muslin, I
should not now advance these cocoons as examples of
the power until after renewed experiments have been
made, guarding against the sources of error pointed out
by Mr. Bateson.

17. ExperiveNTts 1N 1886, 1889, anp 1892 uron
AMPHIDASIS BETULARIA.

1886.

A single captured female laid the eggs which produced
the larve described in the tables below.

When examined and compared Aug. 17th or 18th the
sizes of the larvee were found to vary very greatly, but
none had entered the last stage. The following letters
were therefore used to express the sizes :—

A.—Changing last skin.

B.—Large in last stage but one ; over 30:0 mm. long when extended

at rest.

C.—Medium size in last stage but one; over 240 mm. long when

extended at rest.

D.—Very small in last stage but one, or ehanging last skin but one.

E.—Earlier stages.

(See Table, pages 828, 829.)
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In working at experiments such as these, I often note
the results in each set of larvee, without paying attention
to the conditions (which are generally indicated by a
number or letter). IHence the observations are entirely
unbiassed, for I do not know the past history of each
set. Subsequently the notes are written out and the
conditions described, and then only can the value of the
experiment be estimated properly. In the case of the
experiments just recorded, this has only just been done,
more than six years after the experiments were con-
ducted. Had I written out the results earlier, I should
have seen what admirable material was afforded by the
larvee of this species, and should have sought them for
more detailed and careful investigation. My general
impression at the time the notes were taken was, as is
often the case, the reverse of that now gained by a
careful study and comparison of the whole course of the
experiments. At the time I thought that the larve were
not susceptible, or but slightly so. I had even less time
than usual to do more than take the necessary mnotes,
being exceptionally hurried while this work was pro-
gressing.

1889.

The next investigation of this species took place three
years later, in 1889, and was the outcome of the acci-
dental capture of a female moth which laid large numbers
of eggs. I remembered the tendency of the birch leaves
to become brown, and determined chiefly to make use of
Populus nigra, the large bright green leaves of which will
keep fresh for a very long time 1if the twigs are placed in
water.

Most of the experiments were begun July 15, a few
days after hatching, when the larvee were still quite
small. The results can be given most concisely m a
tabular form.

(See Table, page 330.)



I,
Ordinary food-plant.

I A,
Dark twigs.

I.B.
Blinding Experiment.

1L
Green and brown
leaves.

Upon birch leaves

In I. up to Aug.

and twigs (ineluding 18, then dark haw-

darkones) for the whole thorn twigs

inter-

larval life up to Aug. mixed with food.
18, and retained to the

end in many cases.

Aug. 18.—Compared.

A. Greyish brown .
Greenish brown .
Reddish brown

B. Reddish brown
Greenish brown .
Greyish brown
Greenish

C. Light greenisli
brown . . .
Brown

D. Rcddis'h b.rO\;m ’
Greenish brown .

Many removed
other experiments.

Sept. 3.—All the 8
remaining larvee in last
stage, most being near-
ly mature, the smallest
about half through the
stage ;4 green,although
not very bright, brown
H
dull greenish brown ; 3
reddish brown.
The last 4 were not

dorsal line present
dull

very dark.

for

Aug. 18.—4 of the
1'B larvee (2 reddish

In I. up to Aug. 18,
then surrounded by
green twigs and leaves
of birch, 3 out of 5
larvae being blinded.

Aug. 18.—The A lot

“from I. introduced at

1 brown, 1 greenish. this date. By Aung.21

3 and 1 greyish brown,
| the lighter of the 2),
1 3 of the C (2 brown
2 and the lighter one),
1|/ and 1 of the D (the
lighter of the 2 green-
1| ish brown ones) were
4 introduced from I.
1| at this date.
)

s
K4

21

Sept. 3.—1 a de-
cided green, much
brighter than any in
IL; 4 very dark
smoky brown, much
darker than the red-
dish brown ones in
I.; 1 greyish brown,
much darker
the greenish brown
larva in I. 1 of the
dark larvee pupating.

In feeding the larve
it is probable that twigs
with a great profusion
were em-
ployed ; hence the ab-
very dark
forms and the preva-

of leaves
sence of

lence of green.

The effect of the
dark twigs present
between Aug. 18 and
Sept. 3 is very clear
on all the larve, ex-
cept the single bright
green one, which
seems to have been
especially  predis-
posed towards this
variety, or more pro-
bably may have been
older than the others
andits colouralready
determined.

they had changed their
last skins, and some

were blinded, as fol-
lows :—
1 light reddish brown
(blinded).
1 light reddish brown
(unblinded).
1 dark reddish brown
(unblinded).
1 greenish brown
(blinded).
1 greyish brown
(blinded).

Sept. 3. — The larve

had a very smoky ap-
pearance, especiallyl
the blinded ones ; the
others redder and not
so dark as thosein L. 4. |

than |

Surroanded for about
a fortnight with the
leaves alone of birch,
but these had become
old and brown towards
end of time.

Aug. 18.—Compared.

. S (]
B. Greenish . . 1

Light greenish
brown s %
Darkreddish brown 2
C. Reddish brown 3
D. Reddish brown &
13

3 of the B (1 of each
colour), 1 of the C,and
2 D (changing last skin
but one) removed to
dark surroundings
(II.s).  Fresh green
leaves added and brown
removed. On Aug. 21
an escaped reddish
brown larva (D) was
added.

Sept. 15.—1 pupa, 3
nearly mature green
larvee with brown dor-
sal line.

| The results are not
convineing,  because
the larve were only
subjected to these con-
ditions during the last
stage ; and more care-
ful recent work (1892)
shows that they are but

little sensitive during
this period. Neverthe-
less, the results are
sueh as to suggest fur
ther blinding experi-
ments in the future,
and for longer periods
of larval life.

The effect of green
surroundings predomi-

I nated in spite of the

leaves becoming brown
part of the time. This

‘result and that of I.

perhaps indicates that
the larvee may have
been somewhat pre-
disposed towards the
green forms.



IL a.
Black paper
leaves, &e.

Up to Ang. 18 same
surroundings as II.;
then brown birch
twigsintroduced with
food, and also pieces
of black paper rough-
ly cut into the form
of leaves ; also black
floor and roof.

Aug. 18.— The 6

II1.
Darkness.

A

IV. 5
Orange paper leaves.

Green leaves.

For about a fort- } Kept for last fort- Kept for abouta fort-
night, ending Aug. 18, night on birch leaves| night on birch leaves
‘enclosed in a darkened and green twigs under land twigs (brown ones
eylinder (covered with a shade of one thick-|included), intermixed
one thickness of black ness of faded yellowish  with pieces of orange
tissue paper). Dark green tissue paper. paper cut roughly into
twigs of birch not ex- ‘ the form of leaves.
| cluded. ’

Aug.17.—Examined . Huy.18.—Examined

Aug. 13.—Compared.

larve which had A, . . o s 0 and compared. ‘and compared.
been removed at this‘B. Dark reddish A. Dark reddish 5 o 0
date from II. were brown 1 brown . . LB 6 6 60 0o o @
now placed in dark'C. . . . . . 0 B. Dark reddish C. Greenish brown 3
surroundings. D. Reddish brown 2 brown 1, Tending in diffe-
Light greenish Green . . 1| vrent degrees to-
brown . 1 Greenish brown . 3| wards reddish
—-| 0. Reddish brown. 3 brown, two being
7 Light greenish the typical colour 6
Placed at this date brown . 1/ D. Reddish brown 1
in a larger ecylinder D. Reddish brown 3| E. Reddish brown,
covered with 2 thick-| Light reddish varying . 4
nesses of black paper brown 2| Light greenish
and black floor. — brown
15 -
Put in a larger cy- 15

Sept. 15.—5 larve
in last stage, 3 being
dark brown and 1
greenish brown; 1
small and reddish
brown ; 1 pupa.

The effect of dark
surroundings added
Ang. 181s clear when
these larva are com-
?i“cd with those of

linder ;
changed.

tissue paper

Sept. 15.—Only 2 re-
maining; both dis-
tinctly green, with a
brown line down back.

Sept. 15.—1 pupa; 1
nearly mature green
larva, with brown along
back. Others escaped.

Sept. 15.—Only one |
larva left; greenmish
brown.

Results  correspond
with those obtained in
1892, showing the
power of orange sur-
roundings in producing
rreen larvie.

Insufficient to draw | Insufficientevidence,
conclusions, but so far | but corresponds with
as it goes, the evidence | II. in showing suscep-

| corresponds with later | tibility to green sur-
(experiments in show- roundings.
ing that darkness is
not so effective as dark |
| swrroundings in  a
' strong light.

|
\

TRANS. ENT. 8§0C. LOND. 1892.—PART Iv. (DEC.)
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A. DARK SURROUNDINGS.

Cylinder with abundant dark twigs
intermixed with food.

July 15.—31 young larvee intro-
dueed.

July 24,.—Compared on this and
following dates. Resting (by day)
on the dark twigs were 16 dark,
1 green, and 2 intermediate larve.
Resting on leaves and green shoots

1I.
Same as I.

July 15.—30 introduced.

July 23.—Compared. Nearly all
dark brown ; at later dates this ten-
dency became more marked, and
finally only 2 exeeptions remained,
1 being bright green, and 1 inter-

were 3 dark, 3 green, and 6 inter- | mediate.
mediate larvee.

Aug. 5.—3 dark larvee on leaves;
25 darklarve on dark twigs ; 1 inter-
mediate larva on dark twigs; 2
brownish intermediate larve on
dark twigs.

Aug. 10 and onwards.—The larvee
sought pupation without further
change of colour.

Aug. 11.—At this date and on-
wards the larve began to seek
pupation.

The extreme susceptibility to dark surroundings is clear
from these results. The fact that green surroundings
cannot be excluded is no doubt the explanation of the
few exceptions. In the converse experiments with green
surroundings everything dark can be excluded, and hence
exceptions did not occur. The exceptions undoubtedly
show individual differences in the degree of susceptibility
to green and brown surroundings respectively, although
the final result—1 marked exception (the single green
larva)—out of 61 individuals shows that such differences
are of no great numerical importance in determining
the colours of this species. The proportions of light and
dark larve found July 24, in I., on dark and green
surfaces respectively, seem at first sight to suggest the
existence of a tendency to seek an environment with the
corresponding colour. On Aug. 5, however, nearly all
were on the dark twigs; and in 1892 very inappropriate
situations were often observed (Ixperiment XXVL.).

It 1s also seen that a period of 8 days (July 15 to 23)
is sufficient to produce marked effects on the majority
of the larve.
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B. Artiricial. DARK SURROUNDINGS.

A single experiment was made with sticks covered
with black tissue paper taking the place of twigs which
were naturally dark, like those of I. and II.  This and
some of the other experiments were begun rather later
than those just described ; for the whole stock of larve
was not exhausted on July 15th.

Experimvexnt III.

Black-paper-covered sticks intermixed with food-plant.

July 20 .... 9 larve introduced.

Aug. 17 ....  The larve were very large. All 9 were very black, at
least as dark as those of I. and IL

Aug. 30 .... 4 ceased feeding.

Sept. 4 .... 2 ceased feeding. They remained as dark as ever to the
end; 1 was dead by Sept. 5.

This experiment shows that artificial may be as effec-
tive as natural surfaces. It is probable that the com-
parative failure in the case of Ii. crategata (see p. 324)
was due to the growth of mould upon the black paper,
making it much lighter in appearance.

(. VERY SMALL PROPORTION OF DARK TWIGS IN SUR-
ROUNDINGS, AND COMPARISON EXPERIMENT WITH GREEN
ALONE.

Two experiments were then made with the object of
testing the susceptibility of the larve to a very small
proportion of dark material in the environment. Inci-
dentally the effect of green surroundings produced by
another food-plant (nut) was also tested, and found to be
as effective as that due to Populus nigra.

The experiments were arranged as follows:—25 young
larvae were introduced July 20 into a large glass lamp-
shade (about 165 mm. high, and the approximate capacity
of 1300 cc.). On Aug. 21 they were removed to a larger
lamp-shade (204 mm. high, and the approximate capacity
of 1900 cc.). These relatively large arcas were kept filled
with green leaves and shoots of nut, intermixed with
which were 5 small dark pieces of dead twig. Three of
these were about 40, 65, and 75 mm. long respectively,
while 2 of them were about 80 mm. in length; the
diameters varied from 3 to 5 mm. They were unbranched,

2¢2
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but mostly very rough; 1 was curved, the rest straight.
The relation between the sizes of t\vngs and the smaller
glass eylinder first used is shown about 1 the real size in
Plate XV., fig. 4.

In the comparison experiment, 25 larve were intro-
duced July 20 into a glass eylinder (about 185 mm. high,
82 mm. internal dmmetm, and 1000 ce. capacity); and
on Aug. 21 they were transferred into two lamp-shades
(beout 165 mm. high, and the approximate capacity of

1300 cc.). These larve were treated exactly as in the
former experiment, except that their surroundings were
uniformly green, no dark twigs being at any time ad-
mitted. The results of the e\peuments are given below.

Expermvent IV,
Green Surroundings, with very
small proportion of dark material.

ExpermMENT V.
Green Surroundings alone.

July 20.—25 larvee introduced. July 20.—25 larvee introduced.
Aug. 12.—8 larvie were resting on
the pieces of dark stick, and 1 was
holding a piece by its thoracic legs.
Aug. 21.—23 larve alive; shifted| Aung. 21.—22 larvee alive; shifted
to larger lamp-shade. to two lamp-shades, between which
they were equally divided.
Ang. 24.—The larve compared (1

unnoted) :—
Intermediate . . 6
T I,

Dark . . . . 12

22

Aug.26.—1 dark larva dead (about |
half-grown in last stage).

Aug. 30.—6 larva dead :—4 dark
(1 large, 3 small in last stage);
2 green (small in last stage).

The rest carefully compared —

Green . 3
Greenish mtmmrrlmh’ 2
Intermediate . 1
DBrownish intermediate 2
Dark . o o 8
16
Sept. 2. — The larve were now | Sept. 2. — Many were now pu-

mostly pupating; 1 had died, and | pating; all the 22 were alive, and
1 was lost. No further change in [all bright green.
the colours.,

These results are very interesting and remarkable.
They show that the susceptibility to dark surroundings
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1s far keener than to green, and this corresponds with
the fact that the dark larvie are much more perfectly
concealed than the green. Although the proportion of
brown to green in the surroundings may be very small,
it is still to the advantage of the average larva of this
species to resemble the former, and the average larva
does so.

The green larvee are of a yellower shade than that
which appears when they arve fed upon DPopulus nigra.
This corresponds to the difference between the leaves

themselves.
D. Darx
ACTUALLY IN CONTACT,
WITH GREEN ALONE.

SURROUNDINGS NEAR
AND  COMPARISON EXPERIMENT

TIIE LARVA, BUT NOT

The details of the experiment are described below:—

VI.
On green leaves alone, with dark
twigs outside eylinder.
July 23. — 21 larve, previously
surrounded by green leaves alone,

VII.
On green leaves alone, for
comparison with VI.

July 23.—The 21 larvae divided at
this date between Vi. and V1L were

were earefully divided into two lots | small and nearly all greenish, ex-

as much alike as possible; when
any difference was unavoidable, the
darker larvie were put in VI, the
greener here, in a small eylinder
containing green leaves alone, but
surrounded by a large cylinder with
dark twigs packed between the two.

Aug. 2. — 1 is ecertainly brown,
though not a very dark one; the
rest green.

Aug. 13. — The dark twigs were
absent Aug. 6—12. The first be-
came mature. The single larva still
remained brown ; all othiers green.

Sept. 2. — The dark larva was
nearly mature (quite so Sept. 6),
and was a brownish intermediate
larva.  All the others remained
bright green, and matured at a
rather carlier date.

cept one, which was large and green.
The latter was placed here with 10
of the small ones, on the whole
slightly darker than those in VI,

Aug. 2. — All green, or evidently
rapidly becoming so.

Aug. 4. — 6 are still in last stage
but one, 4 in last stage, 1 changing
last skin; all bright green, except
the smallest, which is changing m
that direction.

Aug. 13. — The first became ma-
ture. From this date onwards the
larvee gradually sought pupation,
all being bright green.
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Conclusions. — The fact that one larva became brown
in VL. is not sufficient evidence that any results were
produced, except by the light being somewhat dimmed
by the surrounding twigs, and especially by the effects of
crowding in a small eylinder. The experiments of 1892
show that both these causes are effective in producing
dark larvee. It is probable that the dark larva is to be
accounted for in one of these ways, inasmuch as green
surroundings in which such causes did not operate never
produced a single dark larva (see below).

E. GRrEEN SURROUNDINGS.
(See Table, page 335.)

The strong susceptibility to green surroundings when
nothing brown or dark is present is extremely clear in
these results, as well as in the comparison experiments
of C and D (V. and VIL.). Among the 105 larve which
matured in these 7 experiments not a single exception
oceurs.

A very characteristic green larva with a brownish
shade along the dorsal area was painted by Miss Cundell,
and 1s represented in Plate XIV., fig. 8. It is shown
in a very common attitude, resting on a green twig of
Populus nigra.

Many of the green and dark larvee from one of these
experiments, and either I. or 1., were interchanged for
a few days during the last stage. No effects were pro-
duced, and it was clear that the larvee are not susceptible
to a short exposure during this period of life.

F. WHITE SURROUNDINGS.

Nine larvie were fed upon Populus nigra, the sur-
roundings being green, except for the presence of many
white paper spills. The experiment was arranged July 20,
and the larvie were compared with the others Aug. 17.
Some of them tended towards green, and some towards
licht brown, but in both, these colours were, without
exception, almost hidden under the predominant whiteness
which gave the larve a very remarkable appearance,
utterly unlike that in any of the other experiments.
They were again examined Aug. 24, when the whiteness
of the larger larvie was even more pronounced. 'They
were carefully compared Sept. 2 with 12 of the green
larvae upon nut (Experiment V.); 3 remained small in
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the last stage, while 6 were nearly full-fed, and these
latter were chiefly compared. The white points on the
skin appeared to be far more abundant in these 6, and,
so far as any green tint appeared, it was of a whitish
bluish shade, instead of bright and yellowisl, as in all
the larve upon nut.

The green blood from 2 white and 8 bright green
larvie was then compared, to sec whether any difference
in the shade of green was due to its colonr. There was
some individual difference in the tint of the blood, but
this was true of both sets of larvee. It was elear that no
explanation was thus to be found, and that the seat of
elffective colour was in the skin and the structures
immediately below it.

The threc smaller larvae were also white; and although
1 tended towards a dark variety, the tendency was
obscured by the whiteness.

These results were so remarkable that, although there
was 1o exception, I did not venture to publish them until
I had obtained confirmation. This, however, has been
fortheoming in the experiments of the past summer
(1892), and the results have now been seen by many
naturalists.

G. EFrrECT OF UNSUITABLE FOOD UPON COLOUR-RELATION.

On July 20, 21 young larvee were introduced 1o a
cylinder, and supplied with lilac-leaves, dark twigs being
abundantly intermixed with the food-plant. The larvie
were observed as follows :—

July 20.—21 young larve introduced.

Aug. 9.—11 alive, but small for age.

Sept. 4.—5 alive, but quite small for age; reddish
brown 1n colour.

Sept. 25.—3 still alive, although these subsequently
died.

It 18 therefore probable that the unsuitable food,
which prevented the larvee from attaining maturity,
did not interfere with their susceptibility to the colours
of the environment. The results observed on Sept. 4
show that all the 5 surviving larve harmontized with the
dark surroundings. In order to furnish conclusive proof
that this result was due to true susceptibility, and not to
pathological change, it will be neecessary to repeat the
experiment, employing green surroundings alone. Such
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an experiment was attempted as a comparison with the
above, but the 21 larvae had all died by Sept. 4.

The chief results of these experiments, as regards
green and dark surroundings, have been briefly men-
tioned in ‘ Colours of Animals,” pp. 152, 153, where a
dark and light form are represented by uncoloured
illustrations.

These experiments at once proved that A. befularia
was by far the most suitable species for the purposes of
this investigation; and I tried to obtain eggs in the
succeeding years. In this I was unsuccessful until the
present year, in which a much larger series of more
careful experiments have been conducted.

The pupwx obtained from these experiments were care-
fully separated, and the attempt was made to breed from
the imagos which emerged. The great majority, however,
died in the pupal state, and those which emerged did not
pair.

As the moths are well known to vary in darkness,
I noted the colours of those few which emerged, hut
found that there was no relation between the larva and
imago in this respect.

IS 02%

This is by far the most extensive series of experiments
upon the modification ol the colours of larvie by the en-
vironinent that 1 have ever undertaken. The results
obtained in 1889 not only proved that this is the most
sensifive larva as yet subjected to experiment, but also
that it is most satisfactory to breed, and in every way
the most suitable for the purposes of this investigation.
1 was therefore very anxious to repeat the experiment on
a larger scale, and especially to test again the effects of
white swrroundings, which had produced such remark-
able results on the previous occasion ; also to make use
of other artificial colours, as well as the natural tints
of twigs of various kinds and conditions.

A captured female laid a very large number of eggs, of
which probably about 200 were sent to Mr. Bateson;
these unfortunately hatched during his absence from
home, and the larve died. The remaining eggs began
to hateh in large numbers on June 29th, aud all the
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larve appeared in a few days. The majority of these
were at once placed in a cylinder, and fed upon the leaves
and green shoots of Populus nigra, being thus kept in
green surroundings, although just before they were re-
arranged many of the leaves had become withered and
brown. The susceptibility of larve during these early
stages, if any exists, has been shown not to interfere
with such experiments. These larve formed the stock
from which, when they were rather older, the majority
of the cxperiments were supplied. They will be alluded
to below as ¢ the first stock.”

As soon as the larva began to hatch, a mass of the
eggs was separated, and placed (June 29th) in green
surroundings in complete darkness until 11 p.m., when
it was exposed to the light of a paraffin lamp until
9.10 a.m. the following morning, when it was again
placed in darkness. Under these conditions the larve
hatchied, and they constitute ““the second stock,” from
which several experiments were supplied. This alterna-
tion of darkness and lamp-light was continued in some
of the experiments until the evening of August 2nd.
The changes were made every day, and the fixed times
were never departed from by so much as an hour.

All the larvee which hatched from the eggs were made

use of in the experiments, except 30, which were sent to

Mr. Bateson, and were experimented upon by him with
results published in this volume (p. 218), and 80, which
were placed on a trec (Populus nigra) in muslin bags.
These last were intended for experiments, whicli, how-
ever, I was unable to undertake.

The sizes of the glass vessels in which the larve were
kept are given, because the amount of crowding is shown
to exercise a considerable influenee on the colonr.

When measnrements are stated, it must be understood
that they were taken when the larvie were at rest in
the rigidly straight position which is characteristic of
Geometre.

The experiments are so numerous that it has been
necessary to classify them, and treat the various classes
separately.  The following table indicates the arrange-
ment pursued, and serves as a guide to any particular
experiment :—
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EXPERIMENTS,

A. Dark SurrounpinGs (inad- 1. Natural :—1I. Black twigs ; 11., brown
dition to the neeessary twigs ; I11., IV. and V., reddish twigs
green leaves of the food- or stalks, beeoming blackish ; VI.,
plant) :— brown leaves ; VIL., red leaves, be-

coming blackish.

. Artificial :— VIII. Black enamelled
smooth twigs; IX., black enamelled
rough twigs.

3. Dark Surroundings near the larve, but
not actually in contact:—X. Dark
twigs.

B. GREEN SURROUNDINGS :— I. Natural : —XI., XII. and XIII. Green

leaves and shoots of food-plant
(Populus nigray; XIV., leaves and
shoots of food-plant, with golden-
green twigs intermixed.

2. Artificial :—XV. Green paper spills;
XVI., dark green enamelled rough
twigs ; XVII., dark green enamelled
smooth twigs; XVIII., light green
enamelled twigs.

C. Sounar SurrouNpIinGgs Ix XIX. Dark twigs; XX., red stalks, be-
oIy LicHT :— coming blackish ; XXI., greenleaves

and shoots of food-plant; XXII.,
dark twigs; XXIII., green leaves
and shoots.

D. Smminsr SurrouNDINGS IN  XNXIV. Dark twigs; XXV., green leaves
DARKNESS :— and shoots of food-plant.

E. TraxsrerENCE EXreRi- XXVI. Transferred from green to dark
MENTS : surroundings ; XXVIIL., transferred

from dark to green surroundings.

F. Wurre Surrounpings :—  XXVIIL. White paper spills ; XXIX. and

XXX, white enamelled twigs.

G. SurrouxpiNGgs ofF orner XXXI. Dark blue paper spills; XXXII.,

CoLoUuns :— blue spills; XXXIIL., orange spills
and pieces of paper; XXXIV.,
orange enamelled twigs.

(&

During the critical period of all these 34 experinients
the same food was made use of—the leaves of the black
poplar (Populus nigra). Great care was taken to ensure
that the larvee were supplied with leaves of the same age,
and it may be safely concluded that no effects were pro-
duced by the different condition of the food-plant in the
various experiments.

The conditions described above were kept np in all

ases until Angust 8rd, when the larve were packed for
removal to Kdinburgh, in order that they might be ex-
hibited at the British Association. After this date they
were fed irregularly, and sometimes upon other food-
plants, while the conditions of some of the experiments
were relaxed ; but only in the case of larve which were
advanced in the last stage, and long past the period at
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which change of colour is possible.  Whenever there
was any possibility of farther change, the conditions
were carefully adhered to.

The majority of the larve were also arranged in cases
more suitable for travelling than those in which they
had been previously kept.  During the susceptible stages
clear glass vessels were always employed ; some of these
were cylindrical, others of the shape shown in Plate
XV, fig. 4, bulging in part of the length and con-
tracted at both ends, although often to an unequal
extent, while the bulging was nearly always closer
to one end than the other. These will be called
lamp-shades in the description of the experiments, and
their heights and approximate capacities will also be
given. The former will be called cylinders, and their
heights, internal diameters, and approximate capacities
will also be furnished. Kach glass receptacle was placed
on a plate perforated by a hole, through which the stalks
of the food-plant passed into water below. The food-
plant was invariably represented by green leaves and
shoots alone, whether other surroundings were made use
of or not.

The details of the experiments will now be given in
order.

A. DaArRx SURROUNDINGS.

(In addition to the necessary green leaves of the food-
plant).

1. Darl: Objects which are natural to the Laree.
(See Table, pages 342, 343, and 344.)

The results of these experiments are a great advance
upon those of 1889. Instead of merely proving that
dark larvie arve produced by dark surroundings, we now
know that each of certain varied tints whicli are liable
to occur in a dark environment produces its appropriate
effect.

Thus black twigs produce black larve (I. and fig. 10) ;
brown twigs produce brown larvie (Il and figs. 11 and
12); light brown mottled leaves produce larvie which
harmontse with them (V1. and fig. 14).

I owmit lixperiments I1L, IV., V, and VIL, because
the results were complicated by the euvironments altering
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during the course of the experiment. Dut the results in
reality harmonise with those given above, for the dark
larvie were never like those of L., but tended more 1 the
direction of the mouldy, dark grey, or blackish appear-
ance of the twigs or leaves. Sometimes, however, the
larvie were evidently affected to the end by the earlier
appearance of their environment.

Some conclusions as to the period of greatest suscepti-
bility may also be drawn from these results.  The facts
that the single exception in I. was older than the other
larvie,—that the larve transferred from I1. to XXVII. for
nearly the whole of the two last stages could change so
little,—that the larve of IV. were considerably darker
than II1., in which the environment changed more slowly,
—and that the earlier colour of the surroundings pro-
duced its full effect long after its change, in certain ma-
ture larvee of I1L., TV., and VII.,—clearly indicate that
the time of chief susceptibility has been passed when the
last stage but one has been reached. It is equally clear,
however, that there is some susceptibility in certain
larvee during the last two stages. On the other hand, the
condition of the larvee during the earliest period of growth
does not seem to produce any effect, or at any rate does
not interfere in the least with the full power of the sur-
roundings which are subsequently applied. Thus the
larvee of these experiments began to hateh on June 29th,
and were kept in green surroundings until July 9th or
10th, when the dark environments were substituted.
But the earlier green surroundings probably did not
diminish the influence of the later environment in any
instance, except perhaps the single green larva in 1.
The same conclusions are to be gained by a study of
nearly all the species experimented with, for the en-
vironments were very rarely applied immediately after
hatching.

And this is what we should expect from the habits of
the larvie, which always rest on the leaves during the
earliest stages. It is probable that the colours of the
mature larvie are decided when they abandon this habit,
and first come to rest on the twigs. Too early suscepti-
bility would render all larve green.

We may therefore conclude that the time of effective
susceptibility lies somewhere within the sccond and third
stages of larval life, and perhaps in the third rather than
the second.
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2. Artificial Dark Surroundings.

Expermients VIII. anp IX,

VIII. ‘ I,
Cylinder. ‘
Height . . . . 182mm. | Lamp-shade.
Interm. diam. . . 83 mum. . Heiyht . . . . 164 mm.
Approx. capacity . 1000 ce. Approw. capuacity . 1300 ce.
Smooth stripped twigs of Salir tough twigs chiefly of Quercus

rubra and other species of Salix|cerris and elm were enamelled with
were enamelled black, and inter- | black,. and intermixed with and
mixed with and placed round the | placed round the food-plant.
food-plant. ‘

[

July 16.—10 introduced from the I July 14, — 10 young larvie intro-

“second stock,” having been pre- | duced from ‘first stock™ (green
viously in green swroundings, in |leaves and shoots, which became
darkness by day, and illuminated | brown towards the end).
by a lamp at night.

July 25.—Length about 24:0 mm.
7 brown, 3 green, but the latter not
bright.

Aug. 1.— 10 all brown, although
some of them not very dark. i

Aug. 13.—1 had pupated, and 1 Aung. 12. — 1 green (pupating), 1
was missing. 5 intermediate or |intermediate,1liyht chocolate-brown,
lightish brown (they had changed |7 dark brown (5 pupating).
in colour before pupating). 3 dark.

These results harmonize with those of black-paper
covered sticks in the case of Ii. crategate (see p. 824),
although probably for a different reason. The artificially
darkened surroundings did not seem to produce nearly so
strong an effect as those which are natural to the larve.
At the same time, the larve were subject to different
conditions for a considerable part of their earlier life,
and these probably produced effects which endured till
maturity in several instances, especially in IX. It would
be well to repeat these experiments, employing similar
environments for the whole larval life, and again to make
use of black-paper covered sticks, which were found to
exercise a very strong influence on this species in 1889
(see p. 331).

TRANS. ENT. SOC. LOND. 1892,—PART 1v. (DEC.) 2D
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3. Dark Surroundings near the Larve, but not actually
in contact.

ExpErivENT X,
Cylinder: Height, 190 mm.; interm. diam., 26:5 mm, ; approx.
capacity, 110 ce.
In this tall narrow cylinder only green leaves and shoots of food-plant
were present, but outside it many twigs, as in I., were placed.

July 10. — 12 young larvee intro- |  Aug. 5.—Allin last stage; 3 green
duced from the “ first stoeck.” ‘ (vather dull), 2 greenish intermediate,
July 25.—Length about 24:0 mm. | 1 very light brown, 1 very light grey,
4 green, 2 intermediate, G brown. ‘ 4 deep brown (1 very dark, 1 dead),
Aug. 1. — Al but 1 in last stage; | 1 very dark blackish grey.
3 green (1 changing last skin), |
2 greenish intermediate, 2 light|
brown, 5 dark brown. ‘

The eriticisin made on the analogous experiment with
the 1889 larvee (see p. 8334) holds in this case. The
effect of crowding comes out so clearly in some of the
green surroundings (see Hxperiments XII. and XIIL),
that it will be necessary to repeat this experiment, in-
cluding very few larve in each cylinder, and making
comparison experiments with the light dimmed by
objects other than dark twigs. Until this is done, there
will be no reason for believing that a larva is affected
by any twigs except those with which it is in contact,
or at any rate immediately surrounded. It would be
interesting also to make use of dark eylinders enclosed
in glass tubes of varying thickness.

B. GREEN SURROUNDINGS.
1. Green Surroundings which are natural to the Larve.

(Sce Table, page 347.)

The strong susceptibility to green surroundings in the
absence of darker colours is very clearly brought out in
these experiments, but also the much greater suscepti-
bility to brown, so that when the Iarvie were crowded, as
they were in X1I. and XIIL., in cases with only half the
capacity of XI. and XIV., they were strongly affected by
one another’s colonrs, which arc always brown in the
carlier stages. The light brown larve thns produced
mwuch resembled those from Iixperiment VI, one of
which 1s shown in Plate XIV., fig. 14.



EXpRRIMENTS

XI. ; XIL
Lamp-shade. i Lamp-shade.
Height . 165 mm. | Height . 3L,
Approx. cap. 1350 ce. ' dpprox. cap. 650 ce.

Green leaves and| Asin XL,

shoots of Populus ni-
gra alone. |

|

July 9. — 20 young | July 10.—20 young
larvee introduced from  larve 11_1'“'0}11100(1 ;
the “first stock,”” hav- | hitherto as in XI, .
ing been on the same, July 17. — 18 alive;
surroundings with | for the most part they
many others since remained brown.
hatching, & the leaves
having become ratlier
withered.

July 21. — Length | July 23.—17 alive;

from 15:0 to 20-0 mm. | 14 brown,
12 larva: green, 3 green,
1 ,, greenish,
7 ,, brown,

but only 1 of them

darkish brown. o

July 30.
Bright green :
1inlaststagebutone
Greenish :

1 in last stage,

1 changing last skin,
Light brown :
11linlaststage,

2 by butone

1 changing last skin.

July 30.—20 alive.
Bright green :
11 in last stage,
6 changinglast skin
1 last stage but one.
Intermediate, perhaps
greenish :
1 changing last skin.
Very light brown, per-
haps intermediate :
(stage unnoted,
probably young).
Aug. 7.—All in last
stage, and many pu- .
pating. 2 bright green (1 with
All bright green, 11 | and 1 without dor-
without the brown dor- | sal stripe).
sal stripe, or with it 2 greyish intermediate
very faint, 8 with it 13 light brown, like the

1

Aug. 7. — Al in last
stage:

distinet, the latter| 7 of XIII. and the
being generally the 10 of VL.

smaller larve.

XI.—XIV,

XIIL
Lamp-shade.
Height . 130 mm.

inke

July 10.—20 young
larvee introduced as in

|

!

XIV.
Lamp-shade.
Hetyht . 163 mm.

- Approx. cap. 800 ce. | Appro. cap. 1300 cc.

As in XI., except
that abundant golden
green, smooth, stripped
twigs of Saliz wvimi-
nalis were Intermixed.
These retained their
colour a long time, and
only became a light
greenish brown when a
change eventually oc-
cured, but the larve
had then ceased to be
sensitive.

July 10.—40 young
lz}rv;la introduced as in

July 16. — 6 larva
removed to put in
XXXIV.

July 19.—33 count-
ed, of which 30 green
or greenish (mostly
former), & 3 hrownish
(not dark), & of these
1 quite small. Usual

|length 170 mm.

July 23.—20 alive :
8 brown,
12 green or greenish.

|

Aug. 1,
DBright green :
3 in last stage.
Greenish :
6 in last stage,
1 changing last skin
Drownish intcrmediate:
1inlaststage butone
Light brown :
8 in last stage,
1 changing last skin

Aug. 5.—In last stage.

3 bright green (1
small),

6 dull but distinct

green (marked

brown dorsal line}),

1 greewish  inter-
mediate,
1 brownish inter-
mediate,
7 lght brown (1
rather darker than
others),

1 rieh brown (small),
changing last skin
1 intermediate.

The 71light brown much
resembled theiO of VI

July 26. — 33 alive ;
all bright green except
1 small larva, which is
intermediate. 4 just
before changing last
skin were removed to
XXVIL. to test whether
any further change is
now possible.

July 31.—All bright
green ;

Last stage .
Changing last skin 3
Last stage but one 2
1of the 2 last was re-
moved to XXVI., being
added to the 4 removed
July 26.

.24

Aug. 7.—All in last
stage :

24 bright green, with-
out brown dorsal
stripe or with it
very faint (most
pupating),
light green, with
dorsal line dis-
tinet (all these
small in stage).

—
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The larve of XIV. were much more crowded than
those of XI., but became equally green, or perhaps even
brighter. I attribute this to the presence of the golden-
green twigs of Saliz viminalis upon which the larve
rested, and which influenced them strongly. We see
this when we compare the rates at which the effects
were manifested in XI. and XIV. Thus XIV. were far
more strongly inflaenced by July 19 and 26 than XI. by
July 21 and 30 respectively. The larvie manifest a
strong tendency to rest by day on auything twig-like,
greatly preferring it to the leaves. When the latter are
offered alone they frequently rest on each other, and
hence their progress towards greenness is retarded or
even arrested if they are sufficiently erowded.

The vesult of the transference of green larvae from
XIV. to dark surroundings (XXVL.) for the whole of the
last stage, and in one case for most of the last stage but
one also, showed that there was no power of further
change. No effects at all were produced by the trans-
ference. This supports the result of the converse experi-
ment already described (see p. 344, Expt. I1.). And yet
thie dark surroundings to which these larva were removed
had every opportunity of influencing them, if this were
possible; for the larve almost invariably rested on the
dark twigs with which their colours were in such marked
contrast.

2. Artificial Green Surroundings.
(See T'able, page 349.)

Omitting XV., the larvie of which may have Dbeen
affected pathologically by the green pigment, the other
experiments show that the larvie are affected in the
direction of green, but not nearly so strongly as when
the natural green surroundings are employed. The
effects of the dark green enamel were very similar to
those of the green leaves and shoots when the larve are
crowded (lixperiments NIL. and XIIL.). It is probable
that the qualty of the green light was less effective thun
that reflected from leaves and shoots: this will be
considered later on (see Conclusions). The hgliter
grcen enamel (XVIIL) produced much stronger effects
in the dirvection of green, but not equal to those of
natural surroundings when the larve arve uncrowded
(XI. and XIV.). It would, however, be well to repeat
the experiment over a longer period of larval life.
Stronger effects would probably be witnessed, especially
under tlie conditions of XVIIL.



XXV
Cylinder.
Ieight . . 179 mm.
Internal diam. 71 mn.

Approx. cap. 700 ce.

Bright green paper
spills intermixed with
food-plant.

July 9. — 8 young
larve mtroduced from
“first stock,” having
been in green surround-
ings, the leaves be-
coming rather brown
shortly before this
date.

July 23.—More green
spills added; only 4
larve alive; all light
brown.

July 31. — All large
in last stage but one:
3 greenish, 1 light
brown. 2 were resting
on spills, 2 on leaves.

Aug. 5.—All 4 rather
small in last stage: J
2 brownish green.,
1 intermediate.
1 light grey.

Aug. 12.—Al dead.

9

e

ExXpERIMENTS

VL
Lamp-shade.
Height . 166 mm.
Approx. cap. 1200 ce.

Rough twigs, chiefly '

of Quercus eerris and
elm, enamelled dark
green, wereintermixed.

July 14.—10 young
larvee introduneed as in
XV.

July 30.

6 dark brown, all at
beginning of last
stage,

3 green (not very
bright), 2 at begin-
ning of last stage,
1 changing last
skin,

1 intermediate,
changing last skin.

dug. 5. — All in last
stage:

2 bright green (dorsal
band distinet, & in
1 tending to spread
downwards),

2 intermediate,

3 yreyish  brown
light),

3 deep brown.
Not a great difference
between  the  dark
forms; none of them
very dark.

Aug. 12,

2 green,

3 lutermediate,

5 dark (although not

very dark).

(1

Artificial Green Swrroundings.

XV.—XVIII.

XVIIL
Lamyp-shade.
Height . . 109 mm.

Approx. cap. 700 cc.
Smooth twigs of Salixr
enamelled dark green,
as in XVL., were inter- ’
mixed.

‘ XVIIL.
Lamp-shade.
Height . 133 mm,
Approx. eap. 700 ce.

T'wigs, chiefly rough,
were enamelled light
green and intermixed,
|

July 16, — 8 intro- | July 16. — 10 intro-
duced from ‘**sccond | duced as in XVII.
stock,” having been |

| previously in  green
surronndings, in dark-
'ness by day, and illu-
minated by a lamp at

night.
[ Tuly 25. July 25.
1 green, 3 green,

2 intermediate,
5 brown (not dark).

‘ 1 greenish,
| 1 intermediate,
5 brown.

ceeen..  July 81,

Last stage :

2 bright green,

|4 dull green,

‘ 2 darkish brown.
Last stage but one :

} 1 dull green,

1 intermediate.

Aug. T.—All in last . dug. 5.—3larvie had

stage : ceased feeding—2 green
1 bright green (faint and 1 brown. .

dorsal line), 7 in last stage:

o L greenish intermedi- ‘ 5 green (1 small),
ate, 1 intermediate,

6 grey, ike the 10 in | 1 light brown.
V1., only darker as | All the green larva
a whole, although 'wer rather dull, with
with  much indi- pronoanced brown dor-
vidual difference.  sal line.
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C. Darx aNp GREEN SURROUNDINGS IN Dim Licat.
(See Table, page 350.)

These experiments were conducted with the object of
investigating the relation between the habits of the larve
as regards resting and feeding, and the external con-
ditions as regards light. In thisrespect I did not come to a
conclusion; but the experiments haveproved very valuable
in another way,—in testing the effect of dim light upon
the colour-relation between larve and their surroundings.
The effect is very clear, and conclusively proves that
light is the agency which influences the larve. For, with
this dim illumination, neither green nor (probably) even
dark surroundings produce their full effect, the influence
of the former naturally being diminished far more than
that of the latter. Thus green surroundings continued,
in this case, for the whole of larval life (XXI. and NXIIL.)
failed to produce a single green larva, only 2 out of 33
being greenish intermediate. It must be remembered,
however, that XXI. was much crowded, as were the
larvee of XXIIL. previous to July 16. On the other hand,
the dark twigs in NXIX. and XXII. produced very different
effects from those of 1., where, however, they were added
7 days earlier. Although the effects are diminished, they
are not altogether absent even in the case of the green
surroundings, for we find that the larvae exposed to the
latter (XXI. and XXIIL) are the lightest, those exposed
to dark twigs (XIX. and XXIL) are the darkest, and
those exposed to the stems of dock which became dark
brownish (XX.) are intermediate. When we compare
these results with those of the next experiments, in
which dark and green surroundings in darkness produced
the same effect on the larve, 1t becomes clear that
light is the agency by which the colour-changes are
directly, or more probably indirectly, brought about.

D. Dirx axp GREEN SURROUNDINGS IN DARKNESS.
Exrermients NNIV. axp XXV,

XXIV. | XXV.
\

Lamp-shade. Height, 132 mm.; | Lamp-shade. Height, 1295 mm.
approrimate capacity, 80 ce. approximate capacity, 750 ce.
Kept in same illumination asXIX. | As in XXIV., except that abun-
XXIIL from hatching until July dant dark twigs were added July 16.
9. From July 9 to Aug. 3 kept in
total darkness, except when fed and
when XINX.—XXIII. were being
shifted from light to darkness, and
vice versd, every 24 hours, Green
surroundings as in XXIIL., &e. ‘
July 9.—25 larve arranged in  July 9.—25 larve introduced, as
is cylinder. in XXIV.




XXIV.
Lamp-shade. Ieight, 132 mu. ;
approximate capacity, 800 ce.

KW .

Lamp-shade. Ileight, 129°5 mm. ;

approximate capacity, 750 ce.

July 20. — Many about 20:0 mm. |
long ; others smaller. ‘
2 green,
7 greenish, ‘
16 brown. |
July 26.—The largest about 32'01
mu. long.
4 green, I
2 intermediate, \
19 brown. I
Aug. 7—All in last stage, and all
dark,—grey, brown, and blackish
larve being intermixed. Although |
dark, none of them approached the
results of I,

July 20.—Same size as XXIV.
6 green,
7 greenish,
12 brown.

July 26.—
2 green,
7 intermediate,
16 brown.

Aug. 7.— All in last stage, and
similar to XXIV. It was impos-
sible to assert that these were any
darker than thelatter ; the two lots
were as nearly as possible the same.

The significance of these results has been pointed out

already (see p. 851).

It is interesting to note that the larve varied greatly ;
this was also the case in some of the larve exposed to
dim light (XXI.), while others were very uniform (XX.,

XXIIL).

I5. TRANSFERENCE I XPERIMENTS.
Expermvents XXVI. axp XXVII,

XXVI.

First contained in XIV.; then in
cylinder.
Ifeight, 176 mm.
Interual diameter, 71 mm.
Approximate capacity, 700 ce.
Transferred from green to dark
surroundings for the last stage.

July 26.—4 green larvie about
32:0 mm. long, just before changing
their last skins, transferred from
XIV. to another eylinder with abun-
dant dark twigs intermixed.

July 27.—All but 1 were changing
skins, and all were resting on the
dark twigs.

July 30.— Same ; all on brown
twigs, and as bright green as ever.

July 31.—Sane; still resting on
brown twigs. A fifth bright green

larva, small in last stage but one,
transferred from XIV. to this eylin- 1
der.

Adug. 1.— All resting on brown
twigs, and all bright green.

Aug. 5.—The 4 larve transferred |

July 26 had ceased feeding, remain-
ing bright green, with a faint dorsal
line. The 1 smalllarva transferred
July 31 was changing last skin, and
was bright green, with distinet
dorsal line. There was no further
change.

XXVII.
First contained in IL.; then in
cylinder.
Ifeight, 86 mm.
Internal diameter, 61 mm.
Approximate capacity, 250 ce.
Transferred from dark to green
surroundings for last stage, and part
of last but one.

July 27.—3 brown larve, about
210 mm. long, transferred from II.,
where they had been subjected to
brown surroundings, to green leaves
and twigs alone of food-plant.

July 31.—2 changing last skin,
1 at beginning of last stage; still
brown.

Adug. 5. —The 3 larvae were now
more than half-grown in last stage,
and had become rather lighter than
those remaining in II. The most
changed was painted.
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The results of these experiments have been described
under L. and XIV. respectively (see pp. 344 and 348).

1t is interesting to note that the darkening of a larva
which has become green appears to be more difficult
than the converse change. Thus the effects, if any, in
XXVI. were confined to the dorsal area (cven in the
larva transferred on July 81), whereas the pigment in
XXVII. had become somewhat lighter over the whole
surface.

F. Waire SURROUNDINGS.

(See Table, page 354.)

The faintly greenish white larva is shown in Plate
NIV, fig. 15; the faintly brownish in fig. 16. Reference
to these figures will show how completely the white
dominates the tendency to other colours; and, as shown
above, there was no such tendency in most of the larve
in XXVIIIL.

The less marked effects witnessed in XXIX. and XXX.
were probably due to the facts that the experiments
began later, and that the enamelled surface was less
congenial to the larve than the paper. DBut it would be
well to repeat these experiments. It must be remem-
bered, too, that the sticks in NXX. were not so white
as the others.

(. SURROUNDINGS OF OTHER COLOURS.
(See Table, page 855.)

The influence of blue (NXXI. and XXXIIL.) is evidently
strongly in the direction of dark forms. The uniform
purplish brown colour of all the larve in XXXI. must be
something more than a coincidence. Itis clear that the
blue not only tended to produce dark larve, but dark
larvee of a certain kind. At the same time the larve
did not resemble the blue spills, but were such as would
have been protected on dark purplish brown twigs.
Some quality in the light reflected from such twigs would
cause the larval adjustinent, and this experiment sug-
gests that the proportion of blue rays may be the effec-
tive stimulus which causes the larve to assume thic
appropriate shade of brown. The appearance of these
larvee is well shown in Plate XIV., fig. 17, where the
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F. WHi1TE SURROUNDINGS.
Exrermexts XXVIIL—XXX.
|
v XXIX. | XXX.
7
3?1}1113 Lamp-shade. Lamp-shade.

3 yhnder. Height 165 mm.  Height 147 mm.
Height 149 mim. g 8 e
Tttt @i 71 mm Approx. cap. 1300 ce. Approx. cap. ,55’”,00'
Approz. cap. 600 ce. Many rough twigs, Similar to XXIX., ex-

Many white paper spills |
intermixed with and sur-
rounding food-plant.

‘ehiefly of Quercus cerris

and elm, were enamelled
twice with white, and
intermixed.

July 11. — 10 young
larvee introduced from
¢ first stock,”” having been
previously on green leaves
and twigs alone, which
had become somewhat
brown by July 11.

July 21. — Larve 22:0
mn. long:

3 bright green,

6 greenish,

1 light brown.
Some of the larvie had a
very whitish appearance;
this was noticed some
days previously.

July 23. — More spills
added.

July 30. — All in last
stage; all resting on the
spills :

8 verywhitish & opaque-
looking,
1 green,

July 14, — 10 young
larve introduced, as in
XXVIIIL.

July 25.—
5 green,
1 greenish,
4 brown (not dark).
Aug. 7.—All last stage:
4 bright green (dorsal
line very distinet on 1,
faint on 2, overspread
with grey on 1),
4 whitish,

1 brownish (small inlast
stage). l
Aug. 3.—Carefully com-
pared ; all 10 nearly ma-
ture, and extremely white
and opaque. The results
were very unifoim, al-
though 2 werce faintly
greenish and 1 faintly

2
clining to whitisl.
The whitish larve were

I duller and more inclining

very light grey, in-.

cept that twigs were only
enamelled once, & hence
‘were not so brilliantly
white.

\

. July 16.—9 introduced
' from the ¢ second stoek,”
having been on green sur-
roundings,in darkness by
day, and lamp-light at
night.

July 25.—9 alive:
7 green,
2 greenish.

Aug. 7. — All in last
stage:

4 bright green (3 with
distinct dorsal line, 1
tending to be over-
spread with grey),

4 whitish (duller than
NXIX.),

1 light brown, like the
10 larvee in VI.

to other colours (green- |

ish, brownish or yellow-
(ish) than thoseof XXVI1IT.
‘ They were, however, quite
distinet opaque whitish

brownish, but these tints  forms.
were nearly hidden in the |
predominant  tendeney |
towards white. Onc of

each was selected for
painting.




(+. SURROUNDINGS oF OTHER CoOLOURS.

SO
Lamp-shade.
Height . 131 mm.
Approx. cap. 700 ce.

Many dark blue pa-
per spills intermixed
with food-plant and
surrounding it.

July 10.—11 young
larvee introduced from
the « first stock,” hav-
ing been previously in

green  surroundings,
which had become
somewhat dark to-

wards this date.
July 21.—10 alive:
9 brown, many dark ; |
1greenish,the largest. |
The general length was |
about 190 mm.

July 23.—More spills
added.

July 31.—All 10 in
last stage, and all very
dark. They nearly al-
ways rest on the spills. |

Aug. 3.— Uniformly
very dark purplish
brown, with hardly any
individual differences.
The 10 larve were
nearly mature. A larva
was selected for paint-
ing.
Adug. 12.—Only one
feeding. All remained
very dark, as before.

the colours of ce

rtain Lepidoptera.

ExpertneNts XXXL—XXXIV,

XXXII.

Cylinder.
Height . 158 mm.
Internal diam. 71 mm.

CApprox. eap. 650 ec.

Similar to XXXI., ex-
cept that the blue, al-
though  pronounced,
was not so deep in tint.

July 10.—11 young
larve introduced, as in
XXXIL.

July 21.—10 alive :
9 brown, many dark ;
1 green (the largest
larva).
About 19-0 mm. is the
usual length.

July 23.—More blue
spills added.
July 31.—
9 small in last stage;
all dark, but not so
dark as in XXXI.
1green. notbright, but
with mueh brown on
back, and yellow
spots distinet on side
and beneath. This
is the largest, and
almost mature.
The larve nearly al-
ways rest on the spills.

Aug. H—All in last
stage, and about ma-
ture.

1 greenish interme-
diate,

1 Lightish grey,

4 deep rich }

brown,
4 blackish. g
These larvae were very
dark, although not

‘nearly so much so as

those of XXXI.
Aug. 13. — All pu-
pating.

XXXIII.
Lamp-shade.
Height . 133 mm.
Approx. cap. 700 ce.

Many deep orange
paper spills and pieces
of paper similarly in-
termixed.

.

355

XXXIV.
Cylinder.
Height . 180 mm.
Internal diam. 82 mm.
Approx. cap. 1000 ce.
Many smooth twigs of
Saliz enamelled deep
orange were similarly

intermixed.

- July 9.-—12 young
larvee introduced, as in
SOKI

July 19. — Larger
larvae about 17:0 mm.
long.

1 darkish brown,

11 varying from green-
ish  to  Dbrownish

. green.

No bright green larve.

July 23. — More
orange spills added.

1 brown,

11 green, some of them
greenish.

July 31. — 12 all
green, although many

ly always found resting
on the orange paper.

were not the brightest |
green. They were near-

Aug. 12.—Many pu-
pating, and all 12 ma- |
ture. All bright green,
generally  with  but
slight dorsal line.

July 14.—4 young
larvee introduced, as in
XXXIL.

July 16. — 6 more
added from XIV.

July 25.—
7 green,
1 greenish,
1 intermediate,
1 brown.

Aug. 5. — All last
stage, nearly mature.
7 bright green (only [
with dorsal line dis-
tinet),
2 intermediate,
1 light brown.
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purplish larva is represented on a spill of the dark blue
colour employed. The effects of lighter blue (XXXII.)
were far less uniform. It may be that the blue rays
must come from a surface of a certain depth of colour in
order to produce the effect seen in XXXI.

Orange surroundings, on the other hand (XXXIII. and
XXXIV)), tend to produce typical green larve, although
the effeet of orange paper was much stronger than that
of orange enamel. The larve were, however, exposed to
the latter for a shorter time, and probably found it a less
congenial surface to rest upon.

Here, too, when an artificial colour entirely different
from anything in the normal surroundings of the species
produces exactly the same effect as a totally different
appearance in the natural environment, the most
probable view is that there is some common quality in
the reflected light, and that this is the effective stimulus.
1f there were any evidence for pathological change or
abnormal development of any kind, the argument would
not hold ; but the larve reared among orange spills and
sticks appeared to be as healthy, and in every way as
normal, as those reared among the green leaves and
shoots, which produce the same result. Noris it at all
probable that the results arc merely due to the quantity
of reflected light rather than its quality. Thus the
greater amount of light reflected from white paper does
not make the larvee greener than orange paper, but
utterly different in appearance.

These considerations will be brought side by side with
those derived from the experiments on pupe in the
Conclusions at the end of the paper, where the spectro-
scopic composition of the light reflected from the baclk-
grounds will be described, together with its effect upon
the various species employed.

Comparison with the earlier experiments on the pupwe
of Pieris rape and . brassice strengthens this con-
clusion; for I have shown (Phil. Trans Roy. Soc., vol.
178 (1887), B, pp. 429—432) that in both these species
the same orange paper employed in XXXIIIL and the
same blue employed in XXXI., produced green and dark
pupze respeetively.  On p. 43] the extent in the spectrum
of the rays which were chiefly reflected from these colours
is represented in a diagram, and it is shown to be pro-
bable that the rays which check the formation of true
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pigment, and so reveal the L deeply placed gleen lie
between a wave-length of 53756 and 158346 mm. ; in
other words, about the D line of the solar spectr um.

It will be of the greatest value to now test these con-
clusions by the use of coloured glass or gelatine sereens.
White spills or painted sticks might be employed in a
large number of experiments with screens of various
colours. This method has been already tried to some
extent with the pupe (see anessa io and the Pieride),
but the larvie of A. betularia are far more suited for the
investigation, being so highly sensitive, and possessing
such a wide range of possible colours and combinations
of colours.

The fact that each of these artificial colours produces
nothing peculiar, but only some one out of the well-known
appearances which are liable to occur in the surroundings,
is strongly in favour of the essentially protective signi-
ficance of the change, which is thus ouly possible when
it leads to harmony with some natural environment.
The same fact holds universally throughout the species
which have been proved to be susceptible, unless an
exception is to be made in favour of the golden pupw of
Vanessa urtice.  These, however, are discussed In a
later part of the paper (sce Conclusions).

THE StRUCTURAL CAUSE oF THE VARIED COLOURS OF
THE LARVAE OF AMPHIDASIS BETULARIA.

This was partially investigated in 1889 (see p. 336),
and was proved to be due to colour in the skin or just
below it. In the present year the following method was
adopted, and found to work well. The larva was stretched
with its ventral line uppermost across a glass slide
covering a window cut in a sheet of cork. The anterior
and posterior ends of the larva extended beyond the
glass, and were pinned to the cork. The body walls
were then divided along the median ventral line and
pinned out flat at each end so that the section of the
body passing across the ﬁlass was flat also.  The latter
part could be examined Trom above or below with the
lens or a compound microscope, and the effect of
removing any coloured layer was at once seen.

In such stretched and flattened larvee the loss of the
green blood made the colour rather less deep, and the
same effect followed the removal of a section of the
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digestive tract. But I do not think any effect is pro-
duced in the normal state when the larva is less
stretehed, and the superficial coloured layers are there-
fore thicker, and when the light has to penetrate the
larval skin before reaching the blood and internal organs;
so that the latter cannot be highly illuminated as they
were in the dissection.

In all larve the layer of fat between the superficial
muscles and thie epidermis (hypodermis) was more or
less green. In green varieties it is bright green, and
causes the colour of the larva, as is at once seen if a
small area be removed. 1In some brown larve if is quite
as green as in the green ones, but is concealed by dark
pigment in the epidermis, which acts as a screen. In
others the colour is developed but little, and in one dark
larva examined this fat was pale yellowish green, except
in the first abdominal segment, where it was as strongly
coloured as in a green larva. If a little of the green fat
be removed and examined under the microscope, it is
seen to be opaque and bright green. It ean be made
thinner by pressure, and thus rendered transparent,
when it appears as a pale yellowish green. High powers
show that the green colouring matter (probably some
derivative of chlorophyll) is contained in the oil-globules
within the cells. Aleohol instantly turns the fat deep
yellow, and causes the oil-globules to be compressed out
of the cells, and to cohere in large yellow drops, gradually
decolorised by the aleohol, which becomes itself tinged
with the same colour.

The dark piginent is contained, as I have said, in the
epidermis cells, which lie over this layer of fat, thus con-
cealing the latter. 1In green larve the epidermal layer
covering the green fat contains a light yellow transparent
colour, appearing greenish yellow under the microscope.
1t dissolves out 1n alcoliol, and is probably some chloro-
phyll derivative. The cuticle is colourless, exeept for
certain small brown spots.

Intermediate larve are well suited for displaying both
these causcs of colour. These are commonly green,
with a distinet wide brown dorsal stripe, which, ante-
riorly in each secgment, passes downwards, and forms a
girdle round the larva; while posteriorly the green
colour forms a broader givdle, interrupted in the dorsal
region by the brown stripe. 1f such a larva be pinned
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out in the manner previously described, the appearance,
as seen from the internal surface, after removing the
digestive tract and most of the deep part of the fat-body,
18 shown in Plate XIV., fig. 18, where abdominal segments
1to4 are represented. The tracheal system is only in-
dicated on the left side. The anterior direction is shown
by the arrow. In each segment the anterior brown band
prolonged from the dorsal stripe is well shown, and here
the epidermis is not underlaid by green fat, although this
effect is probably in part due to the stretching. A mass
of bright yellow fat lies on each side of the dorsal stripe
anteriorly in each segment. This belongs to a decper
part of the fat-body below the muscles of the body-walls.
Over the green fat which forms the posterior band in
each segment, it has been already stated that the
epidermis is not brown but pale yellowish in tint, and
quite transparent.

It is therefore clear that the surroundings determine
not only the presence or absence of true pigment in the
epidermic cells, but also its constitution and therefore
colour when present. And the range of possible tints
and combinations is very wide, including all shades of
brown and grey, passing into black on the one side and
white on the other, and comprising uniform tints as wel
as the most complex combinations, as when these larve
resemble the appearance of lichen. DBut the surroundings
also determine the presence of the green colour in the
superficial layer of fat. These are the results, and some
quality in the light reflected from surrounding objects
forms the cause, but the physiological chain which con-
nects the two has yet to be discovered.

Direct EvIDENCE OF A COLOUR-RELATION BETWEEN THE
LARVE oF A. BETULARIA AND THEIR NATURAL SUR-

ROUNDINGS.

Nearly all the colours obtained in these experiments
are well known in the field, and the others will doubtless
be found if looked for on plants of the appropriate colour.
Thus the white varieties, the only ones I have not seen
wild, would probably be found upon food-plants with
white pubescent or glaucous shoots. Such a wide power
of colour-adaptation is especially necessary for a larva
which feeds, like A. betularia, on almost any shrub or
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tree. For several years I have observed the corre-
spondence between wild larve and their food-plants.
Thus they are especially common in gardens feeding on
rose, and, so far as I have observed, these are invariably
green and well concealed among the abundant green
bhOOtS on which, and not on the older brown wood, thev
are fornd. I have found the same to be true of larvie
found on the green shoots of sallow and Ribes americana,
while larvee found on the brown branches of cherry were
brown, and the same was the case with one found on apple.
Two green varieties found feeding on broom were brought
me by Miss Gould during the pust autumn. The larve are
very commonly beaten from birch and oak, and these are,
so far as my experience goes, always dark varieties. Mr.
Arthur Sidgwick, who has hiad a wider experience of the
wild larvee, not only agrees with this, but tells me that
he always notices a differcnce between the dark larvee
beaten from the two trees, corresponding to the difference
between the twigs on which the larve rest in the two
cases.

The most interesting exainple, however, was told me
by Dr. Stacey Wilson, of Birmingham, who beat the larva
from a lichen-covered food-plant, and found it so exactly
resembled the lichen that he thought it could not be this
species at all, and was only convinced when the moth
appeared. Had I known this earlier in the summer,
I should have tried the effect of lichen-covered sticks.
In a complex result of this kind it would be especially
interesting to attempt to determine the peculiar quality
i the reflected light which acts as the stimulus.

There is thus a considerable body of evidence to prove
that the results obtained by breeding in confinement
under certain conditions, point to the existence of a
power of individual colour-adaptation which is possessed
and is widely used by the wild larvee in their natural
surroundings.

C. ExperiveNts oN Tue Conours or Pupm,
1887—1892.

These experiments were partly undertaken in order to
confirm the results of my previous work (Phil. Trans., B.,
1887, p. 811), and partly to make out further details.
Professor Weismann had sucgested to me that con-
firmation was desirable, inasmuch as the results of
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experiment were not uniform, but depended upon
averages. 1 was also very anxious to investigate the
pupa of Tanessa io as completely as that of V. wrtice.
Considering the importance of the conclusions which
seem legitimately to follow from the results of conflicting
colour experiments, I was desirous of repeating these,
and of devising some improved method by which the
larvae could be subjected to the conditions for the whole
of the sensitive period. Coloured glass screens have also
been employed in many of the experiments, especially
with the Pieride. Attention was also directed to other
special points, some of which came out in the course of
the enquiry.

Crowding the larvae affects the colour, and therefore
the size of the receptacles becomes a matter of im-
portance. These are described in detail at the end of
the paper, and will be referred to by numbers, accom-
panied by a very brief description, under the experiments
themselves.

EXPERIMENTS UPON VANESSA URTICE.
1887.

In working at these pupz in the preceding year, I gained
a very strong impression that the pupee in darkness were,
other things being equal, formed later than those in the
light. Tf this were the case, it appeared possible that
time might be an element in the production of the dark
superficial pigment which prevents the golden appear-
ance. 1 had concluded that this protraction of the
period before pupation occurs, from the experiments on
Picride, as well as those on Vanesside (Phil. Trans.,
1887, B., pp. 339 and 432), and my friend Mr. G. C.
Griftiths had independently noticed the same thing with
the Pieride (Trans. Ent. Soc. Lond., 1888, pp. 256, 257).
I was therefore anxious to make some experiments with
this special end in view, the impression I had gained
being merely the incidental result of experiments
intended for other purposes.

I made three such sets of experiments upon V. wrtice
in 1887, and a brief summary of the first is given in a
footnote to the paper referred to above (Phil. Trans.,
l.c., p. 339).

Before detailing these experiments, it will be necessary

TRANS. ENT. S0C. LOND. 1892.—PART 1v. (DEC.) 2T
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to quote the deseription of the varieties of this pupa from
my earlier paper :—
“(1) Very unusually dark, almost black; very little
gold, or none.
(2) Dark normal form ; dark grey, often with a slight
pinkish tinge, with very little gold, or none.
(8) Light normal form ; light grey, often with a pro-
nounced pinkish tinge; more gold than (2),
occasionally none.
(4) Lighter than (8); the pinkish tinge often very
pronounced, and usually a large amount of gold.
(5) Very light forms; generally completely covered
with gold” (Phil. Trans., B., 1887, p. 320).
It was also found convenient to subdivide the (3)s still
further into dark (3)s, (3)s, and light (3)s. This ar-
rangement will be adopted in the present paper.

ExpEriMENTS 1 AND la.

A small company of 41 larve of Vanessa urtice were
found at Oxford, at 7.30 p.m., July 11, 1887. They were
so obviously mature that it was probable that some had
already left the food-plant, and that the shock of capture
would cause these remaining larva also to seek pupation.
Their size being very uniform, they were well suited for
the purposes of this enquiry.

About 10 p.m. they were offered food; the majority
refused it, and wandered. These were separated, and
again offered food; and it was assumed that the 29
larvee which again refused it, had entered Stage I. of the
period before pupation. They were therefore divided
between the 3 receptacles described below, while the 15
which remained on the food were placed with leaves in
3 similar receptacles. The arrangements were complete
about 10.45 p.m.

(See Table, pages 363, 864.)
Several very interesting conclusions can be derived
from this table.

Bearing wpon the duration of the stages before pupation :—

The observations were repeated so frequently that the
beginnings of the stages can be fixed with a very small
margin of error.
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I have previouslty spoken of the period before pupation
as the “ preparatory period,” and have pointed out that
it consists of three stages :—

“ Stage 1., in which the larva quits its food plant and
hurries about, seeking for some place upon which to
pupate.

Stage II., in which the layva rests motionless upon the
selected surface, and towards the end of the stage spins
the boss of silk for its subsequent suspension.

Stage II1., in which the larva hangs suspended by its
posterior claspers from a boss of silk” (Phil. Trans.,
1887, B., pp. 827, 328).

1f we assume that Stage I. began with the shock of
capture in the case of the first three larvae to pupate in
each of the three receptacles without food, the following
table indicates the beginnings and ends of all the stages
and preparatory periods which could be safely fixed.

(See Table, pages 366, 367.)

The first point brought out by these figures is the
areat difference between the lengths of the stages, ac-
cording as the larve remained upon the food-plant, or
were wandering at the time the experiment began.
Stating the results approximately, this difference 1s
more clearly shown by the following arrangement :—

(See Table 1, page 370.)

It is here scen that the great difference between the
length of the period before pupation in A, C, E, and B,
D, I, is almost entirely due to the immensely greater
duration of Stages I. and IIL. in the former, Stage ILI.
being approximately the same throughout.

My former conclusions as to the lengths of the stages
before pupation were chiefly founded upon experiments
which resembled A, C, E, rather than the others, and
hence this comparison has an important bearing on the
recorded results, which were summarized as follows :(—
“The larvie wander for a variable time, then rest for
about 15 hours upon the surface selected for pupation,
and finally hang suspended, liead downwards, for about
18 hours, after which time pupation takes place” (Phil.
Trans., l.c., p. 438). The estimates arrived at above are
much smaller, especially in the larve provided with food,
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368 Myr. Poulton's further cxperiments upon

and the question arises as to whether these or the larve
without food gave the more normal results.

Assuming that the power of resembling surrounding
surfaces is normal to the species (and we are justified in
assuming this), the extent of resemblance becomes some
test of the normal condition, including duration of the
preparatory stages, in which the resemblance is brought
about. The pupal colours are tabulated at the end of
the last analysis (pp. 866, 867), which distinetly shows
that the number of exceptions is far greater among the
pupee in the receptacles without food, the larvee of which
passed through the longer preparatory stages. It becomes
probable that some of the more irvitable larve, which are
so disturbed by the shock of capture that they refuse to
feed, do not pass into a normal preparatory period. so
far as Stages [. and II. are concerned, and, inasmuch as
Stage I1. 1s in this species the chief time of susceptibility,
frequently produce pupe which are abnormal in that
they are exceptions to the usual resemblance to sur-
roundings. If this be so, the normal susceptibility of
the species must be far higher than that indicated by the
results of my previous paper, in which the larve were
generally treated as in the receptacles without food; and
Stages 1. and 1I. must be far shorter.

On the other hand, it must be remembered that the
batech of 44 larvie were probably the last of a large
company, while the 15 provided with food were the last
of the batch. If there is any tendency towards the
shortening of the stages in the latest larve, these 15
would exhibit the tendency. There is, however, no
evidence for the existence of such a tendency, and the
fact that pupation occurred far later in certain larvee
without food than in any of those provided with it,
seems to indicate that we are dealing with an abnormal
protraction of the preparatory period,—the larvee which
were the first to leave the food being much the last to
pupate.

Upon the whole, it is probable that the preparatory
stages of the 15 larve are about normal, and that
Stages 1. and Il are made too long in my previous
paper. 1t is true that the early stages are hurried on by
the shock of capture, but they appear to be far from
hurried through.

Stage 111. does not seem to be atfected by disturbance
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of the larvee. The estimate of 18 hours must be reduced
to about 15, but this latter duration was commonly
noticed in the previous observations (I. c., pp. 342, 347,
351, &C.).

At the same time, I should be glad for these conclusions
to be tested by the observation of larger nmmbers, and of
many companies. My previous results depended on such
varied material, which, upon the whole, gave such dis-
tinct testimony in favour of longer stages, that it is
possible that some of the difference may be due to the
hereditary individual predispositions of the 44 larve
observed in 1887.

Relying on the latter observations alone, we should
conclude that the preparatory period varies from 20 to
24 Iours, Stages I. and 1. together from 5 to 9; while
Stage 111. has a nearly constant duration of 15 hours.

Bearing upon the lengths of preparatory stages in
different conditions :—

Under any circumstances the observation has a clear
bearing upon the conclusion I had previously arrived at,
—that darkness protracts the stages. Whether we con-
sider the larva with or without food, the results are the
same: Stages I. and 1I. are longer in the tin box than
in the gilt box, in the dark cylinder than in the tin box,
and the pupal colours become darker in the same order
(see preceding table, pp. 866, 867). And the difference is
much clearer in the larvee with food, whichh have been
shown above to be, in all probability, in a more normal
state. The conclusion previously arrived at was capable
of two explanations: darkness might directly protract
the stages, or its action might be indirect, tending
towards the production of dark pupz, and time being an
element in the formation of the superficial pigment, or
rather of some colourless precursor. The latter view is
strongly supported by the observations here recorded ;
for the difference in duration is true of the tin- as com-
pared with the gilt-box, in which, although both were in
hght, there was a corresponding difference in the pupal
colours.  Furthermore, the more marked difference, in
the case of the larvee with food, corresponded to a more
marked difference of pupal colours, althongh unattended
by any difference of illumination, as compared with the
larve without food. All these statements will be found
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to be amply supported by the last table. In order to
test this conclusion more fully, I have constructed
another table, in which the lengths of the periods and
stages are shown in the pupe of the various degrees of
colour, without taking into account the conditions to
which they had been subjected, except as regards the
presence or absence of food.

(See Table 1 a, page 370.)

This table shows a remarkable uniformity in the
length of Stage III. in pupa of all degrees of colour,
just as the preceding table showed it in all conditions of
illumination, &e. On the other hand, Stages I. and II.,
upon the whole, exhibit a marked tendency to become
longer as the pupee become darker. There are exceptions,
but the general tendency is clear, and especially so in
the case of larvae with food. Besides, the history of the
exceptions lends no support to the theory that the pro-
traction is determined by darkness, apart from any
influence on the pupal colours. The table sufters from the
small numbers employed in taking the averages. The
careful study of these observations, made in 1887, con-
vinces me that I was mistaken in maintaining, as the
result of a far more superficial examination of the figures,
that “ there did not appear to be any evidence for the
supposition that the gilded pupz pass through a shorter
preparatory period than those which are less brilliant,
when both are equally exposed to light” (Note added
Sept. 10tl, 1887, to p. 839 of Phil. Trans., 1887, B.).

I believe, on the other hand, that we are warranted in
the conclusion that dark surroundings tend to prolong
Stages I. and 11. (taken together) of the preparatory
period, and that this protraction is associated with the
production of the eolourless precarsor of the dark super-
JSicial pigment.

I have hitherto treated Stages I. and II. together, but,
if the above conclusion be valid, it is clear that Stage 11.
is alone concerned; for in the earlier wandering stage
the larva has not yet reached the surface by which it is
to be affected, and, as soon as it reaches it, Stage I1.
begins.

The question as to whether darkness acts, except by
promoting the formation of dark pupz, was most casily
answered by observing whether dark surfaces in strong
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light produce the same effect.

the same year as follows : —

ExreriMeNTs 2 AND 2A4.

Mr. Poulton’s further experiments upon

This test was applied in

A company of 29 mature larve (probably the last
remaining ones) was found 1 p.m., July 30. By 3.30 1t
became cvident that the shock had caused 16 of them to

ceasc feeding, and enter Stage 1.

These were placed in

two receptacles, a box lined with gilt, and a eylinder lined
with black paper, with the open end closed by a sheet of

clear glass, and turned to a strong east light.

Others

were subsequently added as they entered Stage I.

Dates.

July 30. 3.30 pom. ..., ‘
7.30 pan.
10. 0 pan.
July 31, 10, 0 am. ... |
2.25 pam. .. ..
4.50 pm. ...
9.30 p.m. ....

10.10 pm. ...
10.54 poam. ....
12,10 midnight.

Adug. 1, 10,80 aan. ...

ExperiymeNT 2.
XXXI1. or XLVL
Gilt (Duteh-leaf) Surround-
ings in strong east light.

8 larve mtroduced.

3 larvee introdueed.

3 larvee introduced.

5 suspended.

13 suspended.

All 14 suspended.

3 pupated (1 some hours,
2 vecently).

1 pupated.

1 pupated.

1 pupated.

All pupated a long time.

EXPERIMENT 2 4.
L., 11., or III.
Black Surroundings in
strong east light.

8 larvee introduced.
3 larvee introdueed.
4 larvee introduced.
4 suspended.

10 suspended.

All 15 suspended.

1 pupated.

3 pupated.
All papated exeept 1, but

3 evidenily quite re-
cently.

No notes were taken as to the colours of the pupse, but
it may be safely assumed that those in black were far
darker than the others; and it 18 also clear that, although
the larvee were treated in exactly the same way (except
as regards their surroundings), those in black pupated

rather later than the others.

Although all were sus-

pended by .50 pan. on July 31 in both sets, all but one
had been suspended more than 2 hours earlier in the
gilt, a time at which only two-thirds of those in the black

had entered Stage L1LL

These are less satisfactory than

ISxperiments 1 and 14, in the fact that probably all the
larvie were disturbed by capture, but they undoubtedly
support the conclusions previously arrived at.
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ExperIMENTS 3 AND 3 A.

Another small batch, also found July 80, continued
feeding for a day or two, and were then subjected to
similar conditions. They were in fact probably placed
in the same receptacles with the same conditions of
illumination, but I have no note upon the latter point.

D, EXPERIMENT 3. FXPERIMENT 3A.
Gilt Surroundings. Black Surroundings.
|
Adug. 1, 10.45 a.m. 12 larvee introduced. 11 larve mtroduced.
» 1240 pan. 1 larva introduced. 3 larvee introduced.
Adug. 2, 11.40 a.m. | 12 pupated. 5 pupated, 6 sus-
pended.
5 3 pm. Unchanged. 7 pupated (rather
recently).
Last 1 unnoted. Last 2 unnoted.

These brief notes show the same prolongation of the
preparatory period in dark surroundings even more
clearly than in Experiment 2 and 24.  We may conclude
that dark surroundings in light produce the same effect
in this respect as darkness.

Other conclusions as to the effect npon pupal colours
of different metallic surfaces, and of darkness as op-
posed to black surroundings in light, are to be gained
from Experiment 1; but they are better deferred until
after the examination of the experiments made in 1888.

1888.

The object of the numerous experiments made during
this year was to obtain abundant confirmation of the in-
fluence of surronndings upon the pupal colours, and also
to test the effect of various metallic surfaces, &e. It will
be most convenient first to tabulate the whole of the
experiments, briefly indicating the results of each, and
then to analyse the tables in such a manner as to show
the chief conclusions.
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1

Mr. Poulton’s further experiments wpon

Pupal Colours.

o
2
o Dark Light, !
c W ele| o e|ele
g -
@ Experiment (1887)1 | 1| 1] 4| 2| 4] 1| 1[ 14
> o }1887) 1a 2 21 1| 2 =1
- " 6 40 2] 4| 1| 2 - 13
5 & on 7 3| 44 2| 2 11
2R . . 8 1 2 -3
2 ES 0 @ 21 5| 41 2 —13
£ 53 » 10| 1] 2] 8|1 12
a8 &E " 1 1 2| 2 1 =
v 48 . 12 ‘ 10|14 8| 5| 3| 1 =41
= B . 25| 4| 3113 | 8 =238
Ene . 31| 2| 7125 1 —5f5
g 2o . 32 1 511 1 =18
£ o9& . 36 1] 6] 3 3|1 14
g °2 - 40 5] 11 16
Z 2.2 . 41 10( 1 1
BER: " 42 41 1 5
xS " 46 | 11 1] 6| 4| 2 14
s Ba " 47 91 4 13
28 . 56 20 1| 1 4
g ,, 57 40 1] 1 6
o . 58 1120 4| 1 =26
© 0 59 10 9] 4| 4] 1 19
= I -
= Totals. | 31| 53 164 | 50 [ 25| 5| 1| 329
2 Results expressed as l
& percentages of Lhe} 9-4 |16-1} 50-0/ 15-2| 7-6] 15| -3
| f@iell  cccococaos ’
BrAck SURROUNDINGS Experiment 4! 4 | 14 16 [ 6 | 3] 2 | =45
1IN StroNG LiIcuT. ' 24 5|11 ] 24 4 | ’ =44
Pups found on floor " 28 \ Lpir) 1 | =13
included, except in ‘ ‘ N - """_
Experiment 4 (where| Totals..| 9 [ 26|51 |11 3] 2 | 102
they were not dis- | | —
tinguished from | Results expressed as} . ‘ |
those on food-plant).| ~Dercentages of the | 8:8|25'5]50:0,10-8 2:9] 20 {
fotal ..ol J! |
I Lo |
Experiment 54 1 | 2| 11 } 9 2 | 25
' G4 71 2| 1 | 10
PrrroRATED ZINC S I
n . . Totals.. 1| 218 11 | 3 35
oor 1N Licur. ST |
| Results expressed as | ‘
percentages of the} 29 57}514 31-4 86
total ... ... .. ' \ | |
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THE INFLUENCE OF DARK SURROUNDINGS IN LIGHT AS
CONTRASTED WITH THE EFFECTS OF DARKNESS.

In my previous paper (L. ¢., pp. 364, 365) I had made
a pair of experiments in order to test the relative
efficiency of black surroundings in light and in dark-
ness. The results favoured the latter, which, upon the
whole, produced somewhat darker pupe, although they
also included some which were lighter than the others.
The numbers were insuficient for any safe conclusion,
and I was therefore ansious to repeat the experiments
on a much larger scale, especially considering that larre
brought up in darkness are as a rule much less dark
than those brought up among dark surroundings in
strong light (see the earlier part of this paper). Hence
a far larger number of experiments were devoted to the
solution of this question than of any other. The
table at p. 884 shiows the results of all such experiments
upon this species in 1887 and 1888, omitting No. 5, the
arrangenient of which is uncertain, and including the
pupee formed upon a darkish surface of perforated zinc.

Below, the percentages are placed one under the other,
and compared with the results obtained in 1886, and
with the single experiment in which a gilt surface
(embossed Duteh metal, Experiment 18) was used in
complete darkness.

Dark |Light

| Numbe
Degreesof Colour. (1) @) | () @)1 3] )| )| Pupe.
«. Black surroundings in) 15-4 154} 508 25+0' 154 ‘ 13

darkness, 1886 .. .. j"
3. Black surroundings in ot w0l zmaal 712 . i al s
darkness, 1887 & 1888 H 9+4 16-11 50 0‘ 152 76 16 -] 829
v. Gilt surroundings, in} ' .. ] . gl
darkness, 1883 .. .. | 28:6 42:9/14 '3‘ Ly {
0. Black smiroundings in ) 9-8 29-3125:0' 207 130} 2-2 92
] ‘ i ¢
|

strong hght, 1836 .. §
e. Black surroundings in 2 ol 2l 10 o o0l

strong light, 1838 .. | 8:8 25-5]50 U‘ 10 SI 2:9] 2:0 102
29 579|514 314 86 ; 35

This table indicates that there is very little difference
between the pupe of «, B, as compared with 9, . a is
not much to be relied on, because of the small numbers
employed. As regards the darkest pupa, 3, ¢, and « are
practically equal, but there is a much smaller proportion
of (2)sin 8. In other respects no great difference can

¢. Zine surroundings in|
strong light, 1888 .. J |




386 Mr. Poultow’s further experiments upon

be made out, for the percentages of 8 are either practi-
cally the same as either & or ¢, or intermediate between
them. The wide difference between the (2)s in the
averages of these large numbers justifies the conclusion
that darkness tends rather less towards the appearance
of dark pupe, than dark surroundings in strong light.

So far as it is possible to judge from the small
numbers, gilt surfaces in complete darkness (y) produce,
as we should expect, the same effect as black surfaces
subjected to the same econdition.

The larger numbers attached to a darkish surface of
zine (¢) tend in the same direction as those exposed to
black surfaces, but are, as might be anticipated, stronger
in the intermediate forms, and weaker in the darkest.

THE INFLUENCE OF VARIOUS BRIGHT METALLIC SURFACES.

The following is a summary of all experiments of this
kind in 1887 and 1888. In those of the latter year the
crowded are carefully separated from the uncrowded
pupee, and those which pupated on the food-plant or
floor are excluded.

(See Table, pages 887, 888.)
The percentages are now placed under one another to

facilitate comparison, the results obtained by *gilt”
paper in 1886 being also added.

! Dark ‘Light Numb
Degrees of Colour. () | @166 6w e of Pupre,

a. Embossed Dutch metal, not erowded 2:91 57 ‘25'7 236 371 35
3. Embossed Dutch metal, erowded 10-9 36-9 I4J'7 2'2‘ 43| 46
. Dutch leaf, 1886 .. .. 1:5] 8-0|104 ‘23'9 40-3,20-0] 67
5. Dutch leaf, 1887.. .. .. .. .. 300100100 50-0 10
e. Polished Dutch metal, not crowded 1-2] 2-4[21-4 [31-029-7 |14-3 84
¢. Polished Dutch metal, crowded 17| 7] 6:9 293 (31-0§13-8 15°5] 58
». Silver paper (compartment), not crowded 16-6158-3116-61 8:3] 24
g. Silver paper (compartment), crowded .. 60°020-0 20-0 10
+. Silver-paper (cylinder), not crowded .. 100 3
. Silver-paper (cylinder), crowded o 11-4 500(29-5] 68| 2:3] 44
A. Tin-plate, 1887 .. .. .. .. .. .. 8:3 167! 8:3158-3| 83 12
¢. Tin-paper, not crowded .. .. .. .. 364 364 273 11
y. Tin-paper, crowded .. .. .. .. 1-7) 70 15~G‘29'8<14-U 17 57




«“Gilt” paper (covered with different forms of “Dutch metal,”—a variety of brass).

Pupal Colours.

Experiments. ’T“ o Light] | k iTotals
mlale e Ble o
. Experiment 15 41 2 | 5| =11
= . .29 .. 1] 2 = 8
g 3 " 38 .. 1 1] 2| = 4
a 4 . 48 .. 2| 2| 3| 3| =10
B & . 49 .. 12 =
= & " 60 .. ‘ i 3| =3
2, 8 I I
3 : Totals.. 1| 2 10 13| 35
o
=1
2 2 Results expressed
g as percentages of 2:9| 5725:7]28:6/37'1
= the total .. |
3 :
.*:: Experiment 15 S 6 = 6
E . " 29 1| 4| 38 = 8
& 3 o 38 . .? 1| 5 1| =7
2 S " 43 .. 1, 9] 7 =17
(=] =
g 5 0 49 ’ 3 3 1 1 8
g g Totals. . 501721 1| 2| 46
= | — -
= #  Results expressed l {
= as percentages of 10°9; 369 45-7) 2:2| 43
= the total .. .. |
NEEEER . | Y
BEEES, 2 Experiment 1 .- ‘ 31 1 1 41 =9
ESasg | B ” 1a..! 1| =1
w2 QT 9 =} |
=2338% 8 { |
2228 | £ | Totals. . |3l 1)1 5 10
AipEAs 2 L
PEo28  F  Results expressed J
AEsTS | T as percentages of - |30+0 100 10-0 50-0!
a* > the total .. i
] ‘\ Experiment 14 1/ =1
8 ) 16 2 5 3 3 1| =14
g . . 17 1 — i
Ed 5 . 18 .. 3 6] 9| 5| =23
= = " 26 .. 1 2| 2 =5
e 2 . 30 .. 31511 =9
= € CES o 71 6] 6 —19
& 3 ' 50 .. 1 1| =2
S : . 61 .. 3| 3| 4| =10
& g Totals. . 1| 2/18]26]es 12| s
<
= Results expressed)
= as percentages of - 1-2) 2-4121-4 31-0129°7 143
: the total |
[ |
£ |
2 5 lExperiment 14 2| 4] 3 5 | =14
~ o1 5 g ool il 5 5 2 =13
g | < N 1| 410 ‘ of 3 4| =3
=1 S { =
A i Totals..| 1| 1| 417 \ 18| s| 9l 58
‘: 8 A S |
.ED ‘ 5" |Results expressed) | r |
) = as percentages of [ | 1-7| 1-7| 6-929-3 310} 13-8| 155
| the total l i
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Bright swface of metallic silver.

Bright surface of metallic tin.

as percentages of b 17| 70
the total oc }

45:6,20°8 140

1
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The percentages of 3, 6, i, 2, and p depend on such
small totals that they are not of much value. The
remaining figures are mostly trustworthy, and lead to
some interesting conclusions.

The comparison of « with f, and of ¢ with ¢, entirely
confirm the conelusion at whicl: I arrived in 1886,—that
crowding the larve tends to produce dark pupe, the
effect being presumably due to the influence upon each
larva of the dark skins of its neighbours.

Any supposed chemical influence of the surface is
entirely dispelled by the comparison. When the same
material is employed in different forms, different effects
may be produced if the character of the reflected light is
altered thereby. Thus Duteh metal produces least effect
when it possesses a very highly polished surface (e and ),
most when it is broken up by a small raised pattern, as
in « (8 shows the effects of crowding to a remarkable
extent), while the Duteh leaf, which is not highly
polishied, but of a very bright golden appearance, also
produces powerful effects (y). It is probable, indeed,
that this latter is the most powerful form of the sub-
stance, for the averages of 1886 are brought down by
the inclusion of pupz which were excluded or separated
in 1888 (pupe on the floors or food-plant of cases, and
crowded pupze).

So, t0o, the silver paper produced far more effect when
in strong light (», 8) than when the light was somewhat
dim G, »), and bright tin-plate (»), although the numbers
were very small, is evidently far more powerful than the
duller, greyer surface of tin-paper.

In 1886 I had sometimes thought that the pup® pro-
duced on white opal glass tended to be silvery rather
than golden, and one object I had in view was to test
for any such susceptibility. This was the chief reason
for employing the silver and tin surfaces. The results
were entirely negative. Single pupwe belonging to (5)s
or (4)s are oceasionally met with having a silvery instead
of a golden lustre, but there was no evidence that they
were commoner on the surfaces with a corvesponding
colour. The tendency of silvery surfaces is in the same
direction as that of golden ones, only it is not equally
powerful.
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The effects of a few other conditions not tested by
large numbers of individuals are shown in the table
below, the percentages from white surroundings in 1886
being also included for the purpose of comparison.

Dark Light Numbers
W @G| 6|6 @] ® |t
White surroundings (paper and opal glass), 1886 .. 481145255/ 30-3]17-2| 76 145
Experiment 22 4| 4|11} 3| 1| = 23
" 39 3 = 3
» 44 2( 1 = 3
White muslin. Totals. . 71 6112] 3| 1 29
Results expressed
as percentages of} 24:1120-7/41-4410-3) 3-4
the total ..
S |Experiment 23 5| 3| 8| 2 = 13
= » 54 2 = 2
o % 64 2 = %
Q
*é Totals. . 51 71 3| 2 17
€ |Results expr d
= presse
Clear glass. g as percentages of} 29-4/ 412/ 17-6]11-8
the total ..
p?; Experiment 23 1| 4]21)10| 3] 4| 3| = 46
hecs —
£ % |Results expressed
§ | aspercentagesof| 22| 87)43:7 21-7 65| 87| 65
the total ..
Experiment 21 .. 501 7 6] 2 1| =21
Deep green glass in —
front of a dark green |Results expressed}
background. as percentages of 2381 33-3/28:G| 9'5 48
the total J

It is thus seen that white muslin was not nearly so
powerful as the white paper and opal glass employed in

1886.

The difference corresponds to the far smaller

amount of light reflected from the former, and its
feebler illumination under the conditions of the experi-

ment.

Clear glass, when uncrowded,chiefly produced inter-
mediate forms, while the crowded}pupa were considerably
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darker as a whole, although including 65 °/, of the
lightest varieties. It will probably be found that larvee
suspended from threads at a distance from any back-
ground would tend, like the isolated ones on clear glass,
to produce intermediate forms.

The effect of light transmitted through deep green
glass was, with a single exception, to produce dark or
intermediate pupe. This will be alluded to further on
in discussing the very different effect upon V. io of the
same light reflected from a white background.

The few transference experiments need not be extracted
from the deseriptive table. They quite confirm, although
they add nothing to, the results obtained with larger and
more carefully conducted experiments in 1886.

The general result of the whole series of 68 experi-
ments conducted, in 1888, upon many hundreds of pupz
is to afford abundant confirmation of the earlier work,
at the same time extending it in many directions.

1892.

The only experiment upon V. urtiee in this year was
one with conflicting colours. The results of such experi-
ments have so important a bearing upon the physiology
of the adjustment of pupal colours that I was anxious to
repeat them, if possible, in a more searching manner.

In 1886 I devoted a great deal of time and attention
to the subject (Phil. Trans. 1887, pp. 368—3892), exposing
the larve during Stage III. to gilt and black surroundings
in compartmented tubes, and frames with perforated
shelves between the contrasted colours.

The following questions as to the physiology of the
process are answered by the results of these experi-
ments :—(a) The possible influence of colour upon the
larval eyes. Blinding the larve had failed to affect the
power of adjustment, and this experiment would apply
a valuable test to the conclusion that the eyes are of
no importance in the matter. If the colour surrounding
the anterior part of the larva had no more influence
than that surrounding the posterior part, the conclusions
from the Dblinding experiments receive strong con-
firmation. () T'he direct photographic effect of light upon
the skin. Although the earlier view that the pupal tints
are determined in this way after the last ecdysis, has
been completely upset by the results of transference ex-
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periments, it still remained possible that the light directly
influences the developing pupa beneath the larval cuticle,
and thus determines the presence or absence of the
colourless precursor of the pigment which subsequently
appears. If two colours with opposite influences pro-
duced opposite effects on the two parts of the pupa to
which they had been respectively applied, the suggestion
made above would receive very strong support. If not,
if some intermediate tint was common to the whole
pupal surface, the above suggestion counld only hold if
we suppose that the superficial layer in which these
changes take place is in a condition of such complete
physiological unity that each local influence is just as
powerful in another part of the layer where an opposite
influence is at work as it is in the avea directly exposed
to its action. Although such a view is difficult to con-
ceive, the tendency of recent research has certainly
afforded proof of the organic continuity of tissues which
such a hypothesis requires. Dr. Michael Foster tells me
that he does not by any means consider this hypothesis
to be essentially mmprobable as an explanation of the
adjustment of ecolour. (¢) The influence of light through
the nervous system. If the nervous system receives the
stimulus, and controls the result, a general effect from a
local influence is to be expected. There is no difticulty
whatever in the supposition that the impulses from con-
flicting stimuli applied to different areas of the body
would become neutralized when they meet in some
nervous centre or centres, and hence result in efferent
impulses which produce a uniform intermediate eftect.
This conclusion is also supported by the power of
adjusting the colours of the cocoon, which can still
be maintained to exist in the genus Halias, and which
receives its most probable explanation on the supposition
that the nervous system is concerned.

In addition to its direct bearing on these important
questions, the experiment also affords interesting in-
formation as to the relative strengths of stimuli opposed
to cach other, and (in the form in which it has been
.conducted in 1892) as to the possible exercise of choice
by the larva.

The results obtained in 1886 are well known to be
negative —a uniform result following the two opposed
local influences. I was anxious to apply the experiment
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in such a form that the larve would be exposed to con-
flicting stimuli during the most sensitive stage (IL.), as
well as the last.

With this objeet in view, I constructed the case
which is represented, about one-fifth of the true size,
in Plate XV., fig. 5. It consisted of three rows of
compartments, each row containing 14. The com-
partments were 81 em. high in the two upper rows,
rather higher in the lowest row. Their width varied
from 15 to 5'0 cm.; their depth was 1-2 em. at the
bottom, while above it tapered away to a chink only
0'3 cm. wide. The front of each row was covered in by
a strip of clear glass, which sloped gently backwards,
resting upon the wedge-shaped divisions between the
compartments. These divisions and the backs of the
compartments were lined with alternating strips of gilt
(polished Dutch metal) and black paper (black tissue
paper). Those of the lowest row were crossed by two
narrow gilt strips, 0'8 em. broad, separated by black
bands of three times the breadth, the uppermost being
rather broader, and the narrow roof and floor (about
1'2 em. wide) being gilt. The compartments of the two
upper rows were crossed by strips of black and gilt, with
an equal breadth of about 1°5 em., except the uppermost
(black in the top row, gilt in the middle one), which was
rather broader. The narrow roof and floor were opposite
in colour to the adjacent strips.

In use, the case was kept vertical in the position shown
in fig. 5, and a single larva, having ceased to feed, was
introduced into each compartment. Hence no allowance
has to be made for crowding. The larve were left un-
disturbed in the compartments, and, after their first
excitement, passed all the stages in a normal manner,
and formed pupe, suspended to either the back of the
compartments or the glass front. It is clear that two
or more parts of the larval body, succeeding each other
antero-posteriorly, had been subjected to conflicting im-
pulses during the whole of the sensitive period.

The last larve of a company found towards the end of
August at Oxford, being mature, were at once placed
in the case just described. The pupa were compared
August 28, with the following results : —

TRANS. ENT. S0C. LOND. 1892.—PART Iv. (DEC.) 2 G
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These pupse were wonderfully uniform and transitional,
so that their classification was a matter of great diffi-
culty. It will be noted that there are only two out of the
whole number which were other than intermediate fsome
form of (3)] varieties. There was remarkably little gold
ou the pupe, the classification of the (3)s being entirely
dependent on the amount and depth of the pigments
present.

In order to test the results of this experiment still
further, a different mode of comparison was adopted.
Neglecting the pupa fixed to the glass, all the others in
Rows I. and 1I. were arranged according to the parts of
the body which were exposed to black or gold. They
fell into four classes : —

A. — 3 pupee with head well in gold.

B.— 6 s . black.
C.—3 s just in gold.
D.—2 . ) black.

But there was no tendency for the anterior part of
pupe A. and C. to be any lighter than the samne part of
B. and D. respectively.

Those fixed on Row III. were then similarly compared.
They fell into two classes:

E. — 10 pupw with head in black.
. — 1 pupa o0 gold.

The last was certainly lighter than any of E., but it
was light altogether, and not specially about the head
or anterior part.

It is thus clear that the colours did not produce
localized effects. The anterior or posterior end of a
pupa was often specially light, but this was quite
irrespective of the colour of the band against which it
had rested.

These comparisons were carried out with the createst
care, the pupe being not only arranged side by side on a
sheet of white paper, with the light falling on the same
side of each of them (for this plan is always adopted in
my comparison of pupew), but the sheet was gradually
turned round to permit their equal illumination on all
parts of the body.

Although the results are entirely negative, thus con-
firming my earlier experiments in 1886, it is clear that

2a2
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the pupee in Row IIL., with the broader black hands, were
distinetly darker as a whole than those in Rows L. and IT.
Although no localised effects are produced, the gold and
the black ecertainly influence the pupa, and when the
relative extent of one of the areas is increased, its effect,
as tested by the whole pupal surface, tends to pre-
ponderate over that of the other.

The bearing of this experiment upon the important
physiological questions set forth at the beginning of this
section 1s thus clear, and although nothing new is added
to my earlier work, it is at any rate important to confirm
by the use of an improved method an experiment upon
which conclusions of so much interest depend.

Mr. Bateson (Trans. Ent. Soc. Lond., 1892, p. 212)
states that he gleaned ‘“no hint at all of the physiology
of these phenomena,” as indeed was to be expected from
the class of my experiments of 1886, which he had
selected for repetition. DBut although he failed to select
experiments which would have yielded some information
on the point, the experiments had nevertheless been
made in 1886, and published with every detail in 1887.
Other workers are likely to be discouraged rather than
inspired by a statement which, although no doubt true
of the writer himself, does not represent the knowledge
of the time at which he wrote. For we do possess
certain clear indications as to the physiology of these
processes, even though they may not carry us very far.

I now turn to the bearing of the recent conflicting
colour experiments upon the smaller points already
alluded to (sce page 892).

The larvee, as a rule, tend to mount a vertical sur-
face, and suspend themselves from the under side of any
ledge projecting from it, but in the absence of the latter
they will fix themselves to the vertical surface itself.
Advantage of this habit was taken in compelling the
larvee to fix themselves to the vertical back of the con-
flicting colour case, where the conditions of the experi-
ment could be carried out in the best manner. Reference
to fig. 5 (Plate XV.) will show the positions selected by
many of the larvie; for the white bosses of silk from
which the pupwe were suspended are clearly indicated as
white spots in the collotype. It is thus seen that they
did not mount to the highest points, but suspended
themselves about half-way up or a little above this level ;
and this was truc of all the rows, irrespective of the
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band of colour which happened to be at this horizon.
There is no evidence that any selection was made,
althouch there is no doubt that the resulting pupe
would have been less conspicuous on the black than on
the gold.

We are forced to conclude that the larvie ascended the
lessening space, and stopped at the point where the
narrow width of the chink would have endangered the
success of the process of pupation which is so precarious
in this group of Lepidoptera. Such an instinct would
be extremely valuable to species pupating in cracks and
chinks of stone or bark, and it certainly seems to exist.
The evidence of it was equally clear in I”. io, and was
found in both kinds of case employed with this species
(see the level of the bosses of silk on the black part of
fig. 6 in Plate XV.).

As to the relative strength of black and gilt when
equal in extent, the intermediate position of the pupawe
indicates a tolerably equal balance, inclining rather to
the side of the latter in the number of light (3)s and the
(4). When the extent of the areas becomes relatively
unequal, the balance of strength is of course upset,
giving black by far the greater power under the par-
ticular conditions of the experiment as carried out in the
lowest row of compartments.

9. EXPERIMENTS ON THE PUPA OF VANESSA I0,
1888, 1891, anp 1892.

In working in 1886 I had experimented upon a very
few individuals of this species, and had shown that
they are highly susceptible. I was most anxious to
investigate the species very fully, for it appeared to be
even more suitable for the purposes of this enquiry than
Vanessa urtice. Although the number of individuals
tested has been smaller than in the latter species, the
results are more decisive, and I think we may con-
sider that our knowledge of these two Tunesside is, in
this respect, about on a level.

The first necessity was the construction of a scale of
pupal colours in which each marked form is represented
by a number. This was made in 1888, and fouud to
work well in subsequent years. The divisions are made,
as far as possible, equivalent to those of 1. wrtice, and,
indeed, the division into 5 classes was the one into
which a large series of individuals of V.0 most naturally
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falls. If we substitute green for gold, and remember
that the intermediate forms are not so common and do
not require suhdivision into 8 classes, the eriteria adopted
i the two arrangements become almost identical, as will
be seen below.

52) nearly [in some (2)s] concealed by the superficial pigment,
which is blacker in (1), lighter in (2).

Intermediate forms, with a varying amount of pigment, although
®)

) {The darkest forms; the underlying green is completely or very

never sufficient to conceal the green colour, which is prominent
on the pupa.

) (Distinct‘ green forms, very bright and glittering in (5), somewhat
) 1 duller and \v1‘th more _1>1gn‘1ent'm (4). The small amount of
pigment tends to exhibit a reddish tint.

The chief and obvious distinction is between (1) + (2)
and (4) + (5). Completely transitional forms occur,
especially among the (3)s, but these are not very
common, and a large majority of the pupwe are classified
with the greatest ease, far more so than in the case
of 1. urticee.

A fignre of the green and golden form (5) is shown in
Phil. Trans., 1887, B, plate 26, fig. 7, and a representa-
tion of the cuticle of the wing of the same form in fig. 10
(magnified 7 diameters), showing the small amount of
superficial pigment, some of which is reddish. In fig. 11
there is a similar representation of the pupal wing of a
dark form, (1), showing the relative abundance and in-
tensity of the cuticular pigment.

There 1s little doubt that the green forms of I'. do
truly represent the golden ones of I". wrtice, the former
being also distinetly golden, although this appearance is
rendered less prominent because of the green colonring.
They are, furthermore, produced in almost every case by
the same stimuli.

In the following account all the experiments which
are intended to test the effects of various coloured back-
grounds and screens will first be given, with their details.
The results will be analysed at the end of the section
concerned with this species, after the consideration of
various other experiments, dealing with the length and
susceptibility of the preparatory stages and the effects
of couflicting colonrs. Thus the arrangement will not
necessarily follow the order in which the experiments
suceeeded cach other.

The effects of various colours will now be shown in
the accompanying tables.
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Aug. 9.

introduced into Expts. 31 and 32, although this is unlikely.
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their last sk
It is probable that they belonged to the

anging

Like the larve of B, they were ch

pared Aug. 9.

and were upon the same bed of nettles.

xpt. 6, and it is possible
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L

3 of these were intermixed with B in E
that larvae of B may have been introduced into Iixpts. 31 and 32, although this is

uniikely.
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saine company
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3 small cylinders and box in complete

darkness, except at 11 p.m. and 9 a.m.,
July, 1892, near Oxford,

in
The pupwe were compared July 16,

when the covering was removed to adjust

some other experiments.

E. Two companies of nearly mature larvee, taken early
and mixed together,
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y in

The pupwe were compared July 16.

E. Two companies of nearly mature larve, taken earl
and mixed together.
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The lengths of the stages preparatory to pupation. 1888.
Frperiments 77—92.

I was very desirous of ascertaining the duration of
these stages, and of comparing them with V. urtice. A
geries of experiments, with this object in view, were
conducted in the summer of 1888 upon the larvee of a
single company (possibly a few from another company
may have been intermixed, although I do not think it is
likely), kindly brought me by Miss Bell, having been
found near Oxford. Others were used in the experiments
already tabulated (D. Experiments 43—47).

The results of frequent examination are shown below :
the letter T indicating that the larve had sought the top
of the case (Stage IL.); S, that they had suspended
(Stage IIL); P, that pupation had occurred. The time
beneath each such letter is either estimated or stated
without comment; when stated, the change indicated
had been actually observed. When no time is quoted,
the data were not made use of in caleulating the lengths
of stages, as was the case when the limits of error were
very wide as compared with the interval to be estimated.

(See Table, pages 410, 411, 412.)

The results of these observations are worked out
below, where the colours of the receptacles and the pupae
are also shown, the latter being carefully compared, Ang.
11, 1888. Two additional esperiments (91 and 92) are
also included, the calculation being so simple that I did
not think it necessary to give the data from which the
lengths of the stages were arrived at, as I have in all the
other experiments.

(Sce Table, pages 418, 414.)

The 8rd pup= of Fxperiments 88 and 89 were trans-
ferred immediately after throwing off the larval skin to
a white paper tloor, close to a gilt back-ground in strong
light. The results prove that they had ceascd to be
gensitive.

The lengths of the stages were subject to the most
excessive tluctuation, suggesting that some of the larvee
bad quitted their food-plant somewhat prematurely as
the result of disturbance, while others left it in the
normal manner. It hasbeen alveady shown, in the case of

TRANS. ENT. $0C. LOND. 1892.—paRrT 1v. (DEC.) 2H



[RU (‘mre 171
(g¥'a1) g1 Aes)
d1 d ! LT aoou Gy g1
ST
(ure (‘e (wre ‘ure
0g°¢ {ex) 01'¢ Aes) 0g"¢ £es) 08¢ £vs)
ST d € ST ‘pedp | dI e Qo6
‘1¢ Loy
(wrd g
(wdg | (uwdg £es) (wdg | (wdg (wrd g
£es) Kes) LT £es) Les) £es) (¢'01) |ceot1 £q
ST S 6 ST It ST ST S3 ST (wdg o1
‘paAouwIax *210§9q
“pasoural *91030q ‘P2AOWIRT ‘PIAOWIAI  POOJ  |"PRAOWDI paAowal
pooy posouax poog pooy | ‘(urd§| pooy pooy
(urd § {*(wd § | (urd § poog (med p | (udyp | Les) | (uwdp| (wdy | (udp| (wdy
‘parowall  Lwus) £es) Aes) £es) Les) ST Kes) Les) £es) Kes)
pooyg AKd Ié Il (e €L g L¢g LG §Lc ; LT | L¢ L1 [uwdg -9
XE
,,.va.a _Ama.a ?mv‘
ST ST wed 61
(we 11 ‘ |
Kes)
Lé ST \
wed og'y
Grgl (e Ty , » W
‘paurue Aes) f
-X9 JON S1 uoougTay
A.H::m ¥ | A.—E.d ¥ {
Kes) _ | Kes)
S¢€ ST , e Qo6
7 . V _ | , ‘0¢ Ane
_ , | | “6g Lur
i . ) | [ JO Butuaad
IIATX | 'TAXT | "AXT | "AIXT | TIIXT | 'TIXT )

‘IXT X1 XIT | CIITIAT | ITATT ‘AT AT TII'T posnpoITLL
v | @areq

1




| (wdy ((ogyLus)
‘ Les) oy
() ST |ueinoge
dT dT ‘urd cgre
ST
(ad 1 (mrd g
£es) £es)
oM} 10 EFUEER (e
oy ue ST 10 OM) |
dI ST ST Se AT ST dT ST da Sa ‘urd g g
((woou | (‘wae O % 'Sy
jnoqu) | Aus) (0'11)
d1 |. ST dt (001 £us)
ST [ures Ir
(wep | (wes | (uwey (wre § we F | Cure
£xs) Kes) fes) | (wed Les) 'sag Les) Les)
*SIT] 9UI08 "SI WIOS 'Sy ou10s|  £eS) (¢g'6) | ewos *SIUALUOS| "SI AWIO0S
d1 da dT1 LT ST dT ST ST d1 dT [Wwe) 6
1 Suy
(¢'11)
a1 jmrd ecror
‘urd o 'R
(0g g 4ws) wdgry
AT)u0091 01
art wdg g
o (ude | (wde (urd g (urd ¢
Les) Ares) (¢v°¥) Kug) (c3'7) £es)
I e dt La dr LT judeye
.E.Q @ﬂ&
‘1¢ Log
*6z Aqap
o oll ey . P . - — P e o . . . . § jo Suruaiad
ITATX | 'TAXT | "AXT | "AIXT | ‘TIIXT | TIXT IX'T XT XIT IITAT | "TTAT AT AIT TIT | peonporgur
@ATery




juouredwod 10130 ou ar juq “IIIXT puB “IXT “AT “IIIT JO 100F oY} UO 431 UdDq PBY S30EF PUB SIATA] PAISIIAL

(001)
dT w01
.ﬂu -AJ:/A‘
(0-01)
ysnf L[uo
dT wd grot
(wd g
| Kes)
om} 10
noy ue
dI urd oL
(0'¢)
, (11°8) gsnf Luo
| dT dI wrd L1
(0g72)
dr1 wed enrg
(021 £us) (071 &%)
oA 10 oMl 10
HDOQ ug HSOQ ue
d1 d1 [wdepr
| (ure ;
Les) (e § (‘ure ¥ (ure § f
om0 | £es) s1yq £es) “saq Aes) *say
INOY UB| OuI0S | Kuewx Aueur peap
peop 1 dt d1 di d1 ST R L G
‘¢ Suy
| (rard ot
£es) moy
ug Juoqe
a1 wrd 2111
_ ‘T ohuy
‘ “6¢ Lop
e | e || o I R <R R R et : : j0 Huruass
TTATX & TAXT AXT | "AINT | ‘TIINT | TIXT IXT XT X171 IITAT | 'IIA'T AT AT OIT  pasnponur
EALVT




‘(1001100 £[1®OU) SINOT O *(y921100 Lprwon) simoy g3 | (£) 1013050} | & ~roded onjq
.,:umtoo A[resn) sanoq g) 19110307, (¢) 189U J0OT UO [[¥ | @ daop 3tm paul S
*(1991100 £[1BOU) SINOY &G *(1081100 L[1R2U) SINOY Lg (1) 300 [ 1 IXT
*(3001100 £]avoU) SINOY ), OISO, (z) . . | ¢ ~toded an[q
*(1984100 £[188U) SINOY € TayPaSo], , (g) aeqjalioy 3s0(d jooy )M, % ST Y paury
*sINOY §€ INOQY 'SINOT § 1N0qY (@) *100[,1 1 ‘X1
‘(1981100 A[1BAU) SINOY g6 1913050, () . q 4 -1aded aussty anjq
() I8Yjo002 deall JOOY M 1T [eredfLmoayiumspoury gw
” XI'T
!
*8IN0Y F8 1M0QR 1911250, (1) . e -1aded waald
*(1091100 L1aeau) sinoy Ly = 'sInoy § noqy () 10180 1wau Jooyg @ Jaep Ym pauly I8
(1901100 £{1BaU) sanoyq fog ik o o e o0 (2) “100[.1 1 TITAT
'$IN0Y 69 INOqB I81[}50], () ﬁ e 1oded ueard
(¥) *J00I WO [V 18 | YSLIQ I paury [ Ox
| () c 1 TIA'T
c ,
SINOY ¢9 IN0qE I9Y1aso], (c¢) . R [l & -1aded aopl
*SIN0Y ), JN0qE 18Y}PF0 ], (<) 19730507 189U JOOY | I oped Wims peury | 6L
, AT
‘sInoy g 1noqy ‘pea(y i_ © -toded aSurio ”
*8I00Y (g INOqY . ’sanoy g jnoqy . ) il = dosp Wa poury | owl
“(3901200 £jreeu) sinoy §Lg . . e . - Toq1e503 18aU JOOY i T i .~>Hq
*(3991109 £[1vOU) Sinoy ¢ ‘(1991100 L[1RAU) SIN0Y (T (1) *JoorT , Z -toded pax
*SINOY g INOqy "sanotf §9 moqy ! (1) *1001,q T daop Yy paury L
W | gyt ﬁ.
saniin ‘uoned _ PFLIT
111 98e18 jo suary ‘11 o518 Jo Suary Tend ‘@dng jo uopsog | -ndjo -o1ow1davayL “wadxy
JO ooy | 10 ON

1pIQ




*(300u100 A180U) sanoy 46 123eSog,

*(1091100 A[1wen) sanoy gF Iot3aSoy],

‘urejIeu )
“SIN0Y 4 INOqY

*(3091100 £(xeaU) SINOY O .. 60 .

*SINOT| §), 180 3B 1080,
‘801 &g MOy
*SINOY GE JNoy

*SINOY (f 158 Je FaYefoy,
*SIN0Y G 1Noqy

*(109a100 L[1Bou) sanoty 9g .- 6o N

*sinot| g4, 1noqe T3yedo],
*(1991309 A[avou) sanoy §9 JoyieSo],
*(3091100 £a8oU) SANOY F§ 1913350,

*(1901100 £[aBau) sinoy ¢ 1BYI0S0],
*sanolf 1) 3noqe 18yjedof,
*(3001100 Apavau) sanoy gg

‘(1001100 AaBou) sInoy Lg o0 20 o

*UTRLIIU )
‘UTeLIDU ()
*UIL)IIU ()

‘stnotf ¢ ynoqy

*sanoy] § Jn0qy
'sanoy § Juoqy

‘IOt § Jnoqy

*(309x100 L[aeou) sanoy ¢

R I

1911050} &

*pateIoSI |

*parerost ‘Jooyy

*J0O1 puB 100[]

*PaTR[OST ‘JOOY

*gALE] PEOP 1BOU pPUE

‘191[}2503 18I JOOI]

*poYBIOST ‘JOOY
*100,]
o0l
‘ua[BA
*191j3930} 189U JOOT

*g I91}0 IedU JOOY]

*100§ T
*J001 G

*

teciseba e

(

{

(
1

A

(

o dor]

“1apul[£o paul] [ejour
qod paysiog
XIX

“10puI[49 pauy] [BloW

Yo paystiod
TITAX

'J00:1 pawop Jopur[fo
poury seded Teanig

TIATX

rxoduad
HO%[q Yi1m peul
TAX'T

*xadBd
N9B[q Y3iam poury
"AXT

roded
| onua YA paurg
TAIXT

-1oded enssi} umoiq
ST s poury |
THIXT ,

-xeded enjq
JAep ypa paulp

TIXT

16

06

68

98



the colours of certain Lepidoptera. 415

V. urtice (see pp. 365—3869), that the latter pass through
a far shorter preparatory period. In this case the two
conditions are probably intermixed, and there is no cri-
terion by which the one can be distinguished from the
other. It is therefore impossible to test by these figures
the conclusion indicated by the parallel investigation
upon V. urtice, as to the protraction of the stages in the
formation of dark pupz. But in other respects the
results are extremely interesting, enabling us to contrast
the lengths of the stages with those of V. urtice. Stage
11. appears to be very short: in 5 cases it lasted about
4 hrs., in 3 about 6, in 1 about 9. Its far greater length
in the remaining larvee was probably a result of distur-
bance. Stage III., on the other hand, is very long,—
about twice as long as its ordinary duration in V. urtice.
Stage I11. was not subject to great fluctuations, with a
single exception of 50 hrs’. duration (probably due to
disturbance). On the other hand, it varied from 254 to
32 hrs., and variations of a rather less extent were quite
common. Although there were many larvie in which
the length of this stage was accurately ascertained, they
produced (with one exception) dark or darkish pupze, so
that we cannot compare the lengths with those passed
through when light pupe are formed. There is nothing,
however, in the table to oppose the conclusions arrived
at in the case of V. urtice.

The apparently normal moderate fluctuation in the
length of Stage 1II., as well as its great relative length,
suggest that it includes far more of the susceptible
period than is the case with V. urtice (and this is proved
to be the case further on; see Experiments 94—100). If
so, and the conclusions derived from the study of the
latter are sound, we must expect that Stage I11. will be
shorter in light than in dark pupe of V. {0, although
such a tendency is restricted to Stage II. in the former
species, corresponding to the inclusion of the chief sus-
ceptibility within its limits.

We may conclude from these experiments that in the
production of dark pupz the normal length of Stage II.
1s from 4 to 6 hrs., the shorter period being the
commoner ; while that of Stage III. varies from 251 to
32 hrs.: longer periods being commoner than shorter
ones.
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418 Mr. Poulton’s further experiments upon

Ejffect of cold upon duration of stages and colowrs of pupe.
Eaxperiment 93. 1892.

Although the experiment deseribed below was unsuc-
cessful, I think the method employed may be useful if
lower temperatures are obtained, and I therefore give a
brief description of it.

It has already been pointed out that larve (at any
rate of V. urtice) pass through longer preparatory stages
when thiey produce dark pupe. I was therefore anxious
to test whether dark pupae would be formed in bright
surroundings if the stages were protracted by some
other cause, such as cold. A number of similar bottles
were lined with black and with gilt paper, in the form of
a back-ground covering half the circumference and a
roof. 'The latter was made by covering the bottom, the
bottle being inverted when in use. Some of these
bottles were sunk beneath the surface of water in a
large glass vessel, the water being constantly changed
so as to maintain a uniform temperature of 16° C. This
was but little lower than the air of the room, but the
high specific heat of water would cause it to produce
more effect upon the larve. If, however, the temperature
was sufficient, the effect would be beneficial rather than
the reverse, and this was probably the case. It would
be well to repeat the experiment, using ice to obtain the
lowest temperature compatible with the process of
pupation. This I was unable to carry out last summer,
being much away from home at the time.

The results only serve to confirm those already
obtained by the use of gilt and black surfaces in a strong
light. Iour larvee belonging to the same company were
placed in each bottle. The pupx were compared Aug.
19, 1892,

In air, two black-lined bottles contained 7 dark pupe,
but they were dead, and it was impossible to state their
degrees of colour with precision; one gilt bottle con-
tained 4 bright green pupe, evidently (5)s.

In water, two black-lined bottles contained 4 dark
pupe, like those in air; winle five gilt bottles contained
11 green pupe, evidently (5)s.
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Transference and comparison Erperiments to ascertain
the susceptibility of the preparatory stages. ISxperi-
ments 94—100. 1891.

A few larvie, probably the last of a company, were
found at Oxford, July 26, 1891. Being full-fed the expe-
riments were arranged the same evening, about 8 p.n.
They were divided into 2 lots, one of which was placed
in gold, green, or white surroundings, in light; the
other in gold surroundings in complete darkness, except
when examined.

By the morning of July 28 (10.15), 11 larve were
suspended among those exposed to light, and, as all
appeared to be equally mature, it may be assumed that
the remaining 9 were very near suspension, viz., the
beginning of Stage III. They were, therefore, trans-
ferred to darkness for this stage and the remaining part
of Stage II. At the same hour 8 of the larve in dark-
ness were suspended, and the remaining 8 were trans-
ferred to light for the rest of the period before pupation.
The following table represents the course and results of
the experiments.

(See Table, pages 416. 417.)

The results of these experiments are best shown by
another metliod of tabulation.

Papal Colours. (1) | (2) 1 (3) ‘ () (5) ‘

In darkness for the whole period before pupation .. 4 [ 3|1 I —

Transferred from bright surroundings in light to '
darkness for Stage I1I. and end of II. .. oo || (B i ] 1 9

Trausferred from darkness into gilt surroundings in
streng light for Stage IIL. and end of 11. .. oo i J

[

Transferred from darkness into green surroundings |
in strong light for Stage III. and end of II. oo 1 1

w

Transferred from darkness into white surroundings | |
in strong light for Stage IIL. and end of II. o T 2 l 1= 4

In gilt surroundings in strong light for the whole
period hefore pupation .. oa .. 08 [} ’ 2 4 =10

In white surroundings in strong light for the whole
period before pupation .. .. .. oa | ! -1
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This table proves, so far as is possible with so limited
a number of individuals, that the sensitive period, during
which the pupal colours are determined, is later in this
species than m V. urtice. Similar transference experi-
ments (Trans. Roy. Soc., I c., p. 360) in the case of this
latter species proved that Stage II. is the most sensitive
part of the period before pupation. This table shows
that In 177 70 Stage IIL. is probably far more important
in this respect. In fact the results obtained, when this
stage and the end of II. alone were passed through in
certain conditions, were practically uniform with those
witnessed when the larve were exposed to the same
conditions for all three stages. There is one marked
exception in the case of the dark pupa formed in white
surroundings. The larvee which were transferred into
darkness formed even darker pupe than those which
were exposed thronghout to this condition.

This high sensitiveness, during Stage III., har-
monizes very well with the results obtained from
Experiments 77—92, which showed that the stage is of
extreme relative length in this species. In writing
this paper from the notes taken at the time, as soon as I
found the great difference between this species and
V. urtice in the relative lengths of the stages, I antiei-
pated that the transference experiments would, when
tabulated, lead to the conclusion indicated above. It is
probable that the great length of Stage I1I. has caused
the point of greatest susceptibility to be shifted into it.
It has been shown (l. ¢.) that this period is somewhat
sensitive, probably in its earliest part, even in V. wrtice.
It is likely that the great extension of this earliest sen-
sitive period accounts for, at any rate, the chief part of
the difference between the lengths of Stage 111. in these
two species of Vanessa.

The results are also interesting in_confirming the
previously described effects of the various environments
made use of, and in showing the influence of darkuess.

Conflicting Colowr Experiments.  Ilxperiments 101—103.
1892,
1 was most anxious to repeat the experiments already

described in the case of . wrtice (see pp. 391—397), and
thus, from the behaviour of this most sensitive species, to
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throw further light upon the physiology of the process,
or, at any rate, to gain confirmation.

Some small experiments had already been made, and
these had seemed to show that the freshly-formed pupa
is certainly not sensitive, and that the larva, if trans-
ferred during Stage I11., may be susceptible (see Iixpts.

2,47, 88, and 89 of this paper; also Phil. Trans., 1887,
B, p. 818).

In order to expose the anterior and posterior parts of
the larval body to contlicting colours for the whole of the
sensitive period, the case described on p. 393 and shown
in Plate XV., Fig. 5, was made use of. The strips of the
two upper rows of compartments were about half as wide
as the length (30°0 mm.) of a suspended larva of 1" io.
In each of the 42 compartments a single larva was placed,
all belonging to the same company, taken near Oxford to-
wards the end of July. The pupa were compared August
11, and the results are given in the following table :—

(See Table, page 422.)

The results in every way confirm those obtained in the
casc of 17, urtice (see pp. 894, 895), and support the same
conclusions as to the probable existence of a mervous
mechanism through which the cuticular colours are
created or dismissed in response to the stimulus pro-
vided by the light reflected from adjacent surfaces. The
pupz are intermediate, tending rather strongly towards
the dark side, very strongly in the lowest row of com-
partments where the black bands were much broader
than the gilt. There was not the slightest tendency
towards a particoloured pupal surface corresponding to
the conflicting stimuli, nor was there any difference in the
effects when the licad or the tail were exposed to either
colour. The amount of skin area receiving the reflected
light was evidently the decisive condition, the anterior ox
posterior position of the area being of no importance.

Reflecting on these results, it occurred to me that the
dorsal or ventral position of the skin area exposed to
reflected light might be of more importance; for when
the larvee rest on some surface, during Stage 1I., the
dorsal half of the body is but slightly exposed to reflected
rays as compared with the ventral half.

In order, therefore, to test the relative susceptibility
of dorsal and ventral surfaces, another form of case was
constructed. The larvee were placed separately in shallow
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black-lined compartments or cells. 3.6 centimetres wide,
3.8 high (six of them were 6 0 high), and 8 to 9 mm.
deep. The black tissue-paper lining sloped from the
sides to the back of the cells, so that there were no
sharp angles or corners. The frame, bearing 24 of
these black compartinents, was placed vertically, and
covered in front with a sheet of white opal glass, which
was turned towards a sfrong light. Xach larva was,
{herefore, contained in a shallow black chamber with a
white front, both black and white surfaces being well
illuminated. When a larva suspends itself to a surface,
it also rests upon 1t during Stage II., and even if dis-
turbed by its cramped position it must rest on the surface
for so much of this stage as is necessary for spinning the
silken boss. It is, therefore, safe to conclude that the
pupe suspended to the glass had spent Stage III., and
at any rate part, probably the whole, of Stage II.,
with the ventral surface closely applied to a white area
and the dorsal surface exposed to a black area, only
separated by a few millimetres from contact with the
larval skin; and conversely with the pupw fixed to the
black compartments.

Mature larve belonging to the same company were
placed in 21 of the cells at the beginning of August, and
3 belonging to another company rather earlier. Both
companies were captured near Oxford. The pupz were
compared August 11. The results are shown below : —

Experiment 102.
(See Table, page 424.)

The results are quite clear ; they prove that black is
far more powerful than white when the two conflict, that
there is no local effect of colour upon the skin, but that
the whole larval surface is uniformly sensitive, dorsal
and ventral alike. The two dull green pupee, (4)s, found
among the 9 dark ones which were attached to the opal
glass, may be most reasonably explained by individual
susceptibility to white rather than black, and to the
greater proximity of the surface which was in actual
contact with the larva. It is improbable that they
atford any evidence for a more sensitive condition of the
ventral area as compared with the dorsal, a view which
is hardly compatible with the other results.
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This experiment thus confirms and extends the con-
clusions arrived at from the use of the other form of
case, indicating that the light acts upon widely distri-
buted nerve terminations in the skin.

The same experiment was also tiied with another
kind of case. Strips of glass were glued on to a glass-
sheet in such a manner as to make compartments
96 centimetres high, 2'3 wide, and 16 deep below,
‘3 deep above. Tach row of compartments was closed
by a single glass front, thus forming a set of wedge-
shaped spaces tapering upwards in the position in
which the whole was placed (see Plate XV., Fig. 6).
The backs of half the compartments were lined with
white tissue paper, and the glass front with black, the
other half being treated in the converse manner. They
were placed in a strong light, the white surface being
in half the instances turned to the light and in half
turmed away from it.

The compartments tapered so that the larve could not
reach the top, but suspended themselves somewhere
about the middle of either the back or front; the white
spots on the black surfaces represented in fig. 6 are the
silken bosses. Hence the larval dorsal area was exposed
to one surface, while the ventral area was in contact with
the other, as in the last experiments, except that heve the
conditions were more uniform in that each surface could
be turned towards the light. All the larvee belonged to
one company captured near Oxford, and the pupae were
compared Aug. 9. The results are tabulated below : —

Experivnext 103.

|
Degrees of Pupal Colour. ‘ 1{2 3 ’ 4 |5
- N |

White sur- 11 fixed to black surface away .’

faces turned  from light 5(3 |3
towardslight,| 10 fixed to whzte smhce to- [

black away |wards light .. 3(1 (4 |2
from it. 3 unfixed or fell off ; posmon | ’
| uncertain 50 .o ol 21

Black sur-| 19 fixed to black surface to- |

faces turned wards light . 11!5 |3 ‘
towardslight, | 4 unnxed or h'nlng Tallen off ‘
white away | white; uncertain o SO SO | |

from it. I

TRANS. ENT. 80C. LOND. 1892.—rpart 1v.  (DEC.) 2 I
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These results entirely harmonize with those obtained
in the other set of conflicting colour expariments applied
to dorsal and ventral areas. The rather less dark pupe
fixed to the white surface are to be accounted for by
the greater proximity of white enabling it to neutralize
the influence of the more distant black more completely
than when their relative proximity was reversed. But
even under the most favourable conditions, the white
surface did not produce nearly so great an effect as the
black. There were no particoloured pupe, and no
evidence that the ventral surface differs from the dorsal
in sensitiveness.

In these experiments we meet with evidence that the
larvee sought black in preference to white surroundings,
when placed under the same conditions, and that they
also manifested a tendency to seek the side turned to-
wards the light. When both these causes co-operated,
viz.,, when the black surface was turned towards thie
light, at least 19 out of 23 pupated upon it; when they
were antagonistic, about half the larve followed the one
tendency (to seek black), while half followed the other
(to seek the side turned towards the light).

Effect of various backgrounds and screens upon the
colour of the pupe.

It will not be necessary to provide such a detailed
analysis of the Experiments already described as in the
case of 1. wrticee, where the number of individuals was
much larger and the effect of crowding therefore greater,
nor shall I diseriminate between the effects of the dif-
ferent kinds of gilt paper employed. DBut all necessary
data are supplied in the account of the Experiments
themselves, so that a more detailed analysis can be made
at any time. In order to economize space, the com-
parison of the effects of the various conditions will be
given in a tabular form, proceeding from the considera-
tion of darkmess, black, brown, white, and colourless
surfaces to metallic backgrounds, and from these passing
to the colours of the spectrum from red to blue. Per-
centages will not be calenlated for very small numbers
and single lixperiments.




Pupal Colours.

. Reference pumbers :
of Experiments. , (1)' (2)! @) : (4), ) I[‘uta.ls.

Results compared.

Experiment 63 was omitted

Black surface in complete darkness. (see description).
‘ | The difference between these
Experiments 5 & 6 503 443 =19 [yeqults and those produced by
" 1s&19 3 2 6| 8 2 =16 plack surfaces in strong light is
" 46 1 2 11 =4 fur greater than in 17, urtice,
,, 50 SISSIEILSIE S0 T 51 | =13 and resembled the relationship
— | i_l (in Pierts rape (Phil. Trans.,
Totals.. 17 6 13| 9 7| 52 1357, B, pp. 411—114). The
— — | colours of the pupm are very

irregular, and do not rise un-
mterruptedly to a maximum in

Resultsexpressed a.s} 39.7
some part of the scale.

percentages of total

Gilt surface in darkness. Probably some effect was o

Experimentssl to 54 5| 4 4l | 6| =19 | duced by the occasional exposure
i 100 ! ‘ 4 3 } 1 | — 8 | of the larve (see account of ex-
‘ _— ' periments). Allowing for this,
Totals..| 5| 8 ‘ 3,61 6 27 | the results are very similar to
] —_ the above, and exhibit the same
Results expressed as | J 185/ 296 11'11‘ 1851 22+9| nregularity.
percentages of total || o ===

Zanc pocket box (darkness).

| Lesults irregular, as above.
Experiment 69 ‘ 3 1 ;

|

i
, ! V
Black surface in strong light. I

Experiment 1 | 2 [ [ | =9 ] )
48 13 6 | I ‘ =1 Very uniform results, showing
:: 66 J 4 J 1| = 5 | the powerful effect of these con-
. 8348 3 3 = 6 ditions in producing dark pupe.
' — —— ——|— —— ——— There is one interesting excep-
Totals.. 22 9 0 0 1 32 | tion.

63-8 28-1 { |13-1 |

Results expressed as )

percentages of total |

Althongh the surface was
much less dark than the above,

Light brown paper in strong light.

“ . |its effects were not very diffe-

Experiment86| 1 1 1 | =3 | .ent. J
White opal glass. ‘ From this point onwards all
. ] i 5 | i7" . the backgrounds were subjected

Experiments Gdi & 32 (18 (TS 13 :]13 lto strong light.

” ”6 1 3 | 1 p :10 White surfaces tended strongly
” "]() | [ 1 Y= 1 | to produce the light pupe, but
” o [ - not so strongly as gilt, although
Whit ) ’ far more so than silver. The
hite paper : 1 2 =3 white paper and opal glass pro-

duced the same effect, corre-
sponding to their similar re-
flecting powers; for both of
T e S | ‘ f them return the rays from all
S b S8 '.\ . 2, . 242 50.5 ar f 1 ct. .
percentages of total | 2 7! 7 ‘\ 10-8 24 3,39 5 parts of the spectrum

Experiment 87 ‘

|
Totals..| 1| 1| 4| 9‘22‘ 37




Clear glass.

In the absence of any back-
ground of sufficient reflecting

| f | power, the pupm apparently
Experiment 65 | 4| 7| 1| 2 I ' =14 |tend towards the commoner
; darker varieties.
Experiment 55 was omitted
«Gilt” surface (Duteh metal). (see deseription). .
Very powerful effect in pro-
Experiment 2 l 4 | = 4 | dueing bright pupe, 71 °/, being
' Tto 13 1 1 5 22 | =29 |the lightest forms. These are
. 20 to 25 1, 1, 4| = 6 !the most extreme results ob-
' 43 ’ 1 2 1| — 4 |tained in this direction, and
' 56 to 61 1| 2 8 | 29 | =40 |contrast very strongly with the
o 67 1)1 ’ 3 | — 5 |effect of silver, probably corre-
. 70 to 74 1 2 2 4 | = 9 sponding to the differences in
o 91 & 92 | ‘ 2 | = 2 |absorptionandreflection of light
e 93 15 | =15 | which make the “gilt” yellow
’s 94 to 97 4 ] 2 ‘ 4 | =10 |and the silver grey.
— It was clearly shown in the
Totals..| 2| 5| 8 | 21 88 | 124 [account of Experiment 67,
_ that the “gilt” surface is per-
tesults expressed as 16| 4-0 6"'>l 16-0' 710, fectly effective when separated
percentages of total T [ from the larve by a layer of
glass.
Silver and tin surfaces.
Experiment 14 ‘ 1 B This surface, bright as it is,
o0 206 to 30 8 ] 2 1 1 =12 [tendssomewhat strongly to pro-
. 62 & 63 15 9 2 5 1| =32 |duce dark pupe rather than
. 90 1 ) — 3 |light. The difference between
—— the effects of “gilt’’ and silver
Totals..| 16 | 17 | 7 ( 7 5 52 |is far more pronounced than in
iy . \——i— _ —"—‘ V. wtice.
Results expressed as) | on ol ag.m 1005 1 0. .
percentages of total | 808,32 7| 13 5, 13 5[ 96
wadl s DBeginning at the least refran-
Deep red paper. gible end of the spectrum, we
. ‘ find that a deep red background
Experiment 77 | 2 ’ =2 |in strong light produces the
. — | darkest pupz. On the other
~|hand, redglass and red gelatine,
Red glass. placed in front of white paper
and light wood baekgrounds
Experiment 36 I 1| —1 |respectively, producelight pupe.
. 450 1 1| 1| 2| —5 |Thered gelatine especially gave
I ' a very pure light, almost exactly
b E | corresponding to therays chietly
7 reflected from the red back-
Red gelatine. ground. The remarkable ditfe-
) rence in the effects of the same
Experiment 35 | ‘ | 1 3 | =3 |light will be considered at the
’ end of this comparison.
Passing from a red back-
ground to an orange one, which
Decep orange paper, reflects the same rays, with the
Lxperiment 33 | | 1 =1 addition of a narrow strip of
. 78 | J ‘ | 1 ‘[ 11—9 orange and yellow, we find an

entirely opposite result, the pupe
i being bright green.




Bright and pale yellow paper.

A yellow background tends
most strongly of all to pro-
duce the brightest pupwe, not
a single exception occurring.
In this case the paper reflects
the same rays, with the addition
of a broad strip of green, and
the green-yellow rays are less
absorbed. Comparison with the
green backgrounds proves that
1t is the additional yellow rays
rather than the green, which
are effective. Light transmitted
through yellow glass, and re-
flected from light wood, tends
(in this case) in the same direc-
tion as the yellow background.

Experiment 34 G i =1
. Al | 3| =3
. 75 2 [ =3
» 79 | 2| =2
| ‘ | 8
Yellow glass.
Experiment 371 “ ‘ 1 l 3 l =4
|
Faded yellowish green tissue-paper.
Lixperiments 3 & 4 ‘ 2| =2
. 15 | 1] =1
- 39 1| =1
NN ‘
Bright green paper.
Experiment SOi l i)l : 1 ‘ ' =3
Dark green paper.
Experiment 81‘ 1 ‘ 2 ‘ ‘ ‘ } =3
|
Green glass.
Experiment 16 ’ ! ‘ } 12 } =12
—‘ -
Green gelatine.
Esperiment 38| | ‘ ’ 1 ‘ 1 ' —2

Although used as a complete
covering, the tissue-paper acted
as a background as well as a
screen. Its thickness was very
irregular, and there were many
minute holes, so that a large
amount of white light passed
through it, and the conditions
resembled those of a coloured
background in light rather than
those of a screen placed in front
of a white surface. It reflected
chiefly the green rays and most
of the red, orange, and yellow,
while the blue was much ab-
sorbed. It produced bright
green pupe without exception.
On the other hand, the bright
green paper, absorbing the red,
orange, and yellow strongly, and
reflecting much of the blue as
well as green, produced far
darker pupa ; while the dark
green, absorbing much of every
part except the green (and some
of this), tended to form distinet
dark pupe. The green glass
placed in front of white paper,
and the green gelatine in front
of light wood, produced effects
entirely opposite to the green

backgrounds, although  the
transmitted light was by no
means rich in yellow and

orange.
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Very pale blue tissue-paper.

A \ 9 ¢
Experiment §2 \ l ‘ - 1 2 The blue backgrounds ahsorb-
— |ing more and more of all rays
Light blue. except the blue tend to produce
: . dark pupre, even the faint
Experiment 83 | [ 2] 1 ‘ ‘ =3 | blue shade of the tissue-paper

| ' being accompanied by some

I | slight effect (compare with
white paper). The compara-

[ .| tively slighteffect of the darkest
3 blue is almost certainly due to

i I the larve having been intro-
| duced too late (see account of

Darikest By iexperiment, P. 4(10). The effect
I of a blue screen placed in

Deep blue.

Experiment 8¢ 1 2

Experiment 85 1] 3 & front of a surface of light wood
—_— e ~|is not very different from that
Blue gelatine. of the blue background.

Experiment 40

It is necessary to say a few words about this com-
parison of the effects of different parts of the spectrum,
and the frequent antithesis between the results of
screens and backgrounds of the same colour.

In the conclusions at the end of this memoir the
colours of both will be given with greater precision, and
their effects on all larvee and pupa subjected to them
will be compared.

The results of the coloured backgrounds in strong
light are perfectly regular: it is clear that the rays
which check the formation of dark superficial pigment,
and so allow the underlying green derived pigments to
be seen, lie in the orange and yellow. The other parts
of the spectrum do not seem to interfere with this power
except by diluting the effective part of the reflected light.
Thus red alone produced dark pupee, but red with orange
and yellow produced green ones: and approaching from
the opposite side of the spectrum we see the same thing ;
for blue alone, green and blue, and green alone, pro-
duced dark pupee, while green, yellow, orange, and red,
produced green ones. Similarly white light reflecting
all colours produced green pupze.

These results are perfectly uniform and consistent :
they are precisely similar to the behaviour of the Pieride
(Phil. Trans., 1887, B., pp. 427-432), when exposed to
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similar backgrounds, and to the behaviour of the larva
of Amphidasis betularia, as regards the production of
green varicties (see pp. 355—357). Furthermore, the
conditions imposed are in strict accordance with those
which obtain in nature. The wild larvee and those which
pupate upon coloured backgrounds are freely exposed
to bright daylight. Mixed with this, but immensely
diluted by it, are the rays reflected from adjacent sux-
faces, and the yellow and orange constituents of these
reflected rays determine the appearance of green pupm
by checking the formation of true pigment.

We are compelled to conclude from these results and
those upon the Pieride (I. ¢.) that the greens of nature
(due to chlorophyll) donot produce their effects in making
larvee and pupe green, because of their brightest con-
stituent, the green rays, but in virtue of the partially
absorbed, but still bright, yellow and orange rays coil-
tained in their reflected licht. And we must further
conclude that if these yellow and orange rays werc
removed, the green rays, bright as they ave, diluted by
other reflected rays, and, above all, by the immense pre-
ponderance of direct white light, would be unable to
check the formation of pigment and produce the green
pup@ and larvee. Diluted in this way, only the orange
and yellow possess the power to effect such a change.

When, however, we employ coloured screens the con-
ditions are entirely altered. The larva is not exposed
to direct white light, but only to the light transmitted
through the screen, and the same after reflection from a
light background. Hence the rays fall upon the larval
surface in an undiluted comparatively concentrated
form, and their efficiency is correspondingly increased,
extending beyond the orange into the red and beyond
the yellow into the green. The effect begins to die away,
however, in the feebler blue rays, even when present in
this concentrated state. When screens are employed in
this way, it s still the veflected rays rather than the
divect transmitted ones which are effective; thus in
Experiment 21 upon T, wrtice (sce p. 876), a box
(LXXVIL) with green glass windows and lined with
darl green paper (the paper similar to that employed
in Experiment 81 upon V. i0), produced dark pupe ;
while the same box, lined with white paper, produced
uniformly bright pupee of 17 0 (Experiment 16, p. 401).
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Here the direet transmitted light was the same, but the
amount reflected was different; for white paper returns
the whole, while the coloured hackground only reflects
a dim green band out of the transmitted light.

The above cxplanation corresponds to the fact which
is apparent in the last table, that coloured sereens, when
they differ at all from backgrounds in strong light, only
do so by producing green pupe in place of dark ones, and
never dark instead of green.

At first sight the tempting converso explanation of the
phenoniena is snggested, viz., that the terminal parts of
the speetrnm, and especially the actinic blue, are instru-
mental in producing the animal pigments, while the
orange and ycllow rays merely fail to produce them.

I do not think that such a view can be sustained for a
moment in face of the facts already adduced. The
common appearance of dark pigmented larvie and pupe
in complete darkness (and on the blackest hackgrounds
in light), shows that the pigment is a normal product of
the animal organism, entirely independent of the agency
of light. Turthermore, the rvegion of the spectrum, by
which such formation is normally checked, corresponds
o the region of greatest intensity of light, and so sup-
ports the view that it acts as a definite stimulus, and not
merely passively. All the facts hitherto brought forward
(except perhaps the golden forms of V. urtice), support
the opposite view, that the pigmented form is the primi-
tive one, and is still produced, as a rule, in the absence
of any definite stimulus; but that certain conditions in
the life of certain species have encouraged, by natural
selection, a special susceptibility to certain stimuli whieh
clieck the formation of pigment, and so produce an ap-
pearance which harmonizes with that from which the
stimuli arise.

I am here alluding only to the power of becoming
green by the non-appearance of true superlicial pigment,
and not to the power of altering the colour of the latter
as in . betularia, &e. This indicates another complex
adaptation which has been already briefly considered
(sce pp. 353, 356, 359).

3. LIXPERIMENTS IN 1892 UPON THE PUPHKE OF VANESSA
ATALANTA AND CYNTHIA CARDUIL

A few experiments upon V. atalanta ave described in

my previous paper (I c. pp. 898, 899), and the lighter
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glittering and darker non-glittering forms are shown in
the accompanying plate (Figures 13 and 12, x 2). Tt
is there shown that gilt surroundings, and, to a lesser
degree, a clear glass eylinder roofed with white muslin,
tend to produce light pupwe, with extremely brilliant
metallie spots and patehes, but without any suffusion of
the whole pupal surface with gold, such as happens in
the brightest pupae of 17 wrtice.  Black surroundings in
darkness, on the other hand, produced dark pupee, with
very slight traces of gold. No other experiments were
attempted for want of material. The pupee of C. cardus
have, T believe, never hitherto been subjeeted to these
experiments.

The following experiments have bheen eonducted upon
the larvee during the past year, and onc in 1888. The
larvie were captured in the field, and, as they are always
isolated, it is impossible to obtain the produet of a single
pair of parents as in the gregarions Vauesside.

Experiment 1. Black-covered eylinder in darkness.—A
single pupa of V. atalanta was suspended from the black
paper roof. Tt was dark from the strong development of
a network of black pigment over the whole surface : very
slight development of gold.

A single pupa of C. cardui was similarly suspended,
and was dark, due to the appearance of spots on the
dorsal area and abdominal segments, and of a dark net-
work on the wings and limbs. There was not much
gold for this briliant pupa, the dorsal line and lateral
stripes glittering but feebly.

These and the other pupe were compared Aug. 9.

Lxperiment 2. Black-covered cylinder in strony light,
the black paper being outside the glass (V1.).—One pupa
of each species was formed under these conditions. As
in the last experiment, both were dark, with a slight
development of gold.

Lxperiment 3. Rather lavger cylinder, similarly arranged
(17.).—A single dark pupa was suspended from the glass
roof. TRather more gold was present than in the last
experiments, although but little for the species.

Laperiment 4. Sumilar cylinder to the last, except that
black was replaced by gold (XXVII1.).—T'wo pupe were
formed, one suspended from the glass roof, and one from
the food-plant near the gold background. Both were
very light and glittering. A single pupa formed in
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another gilt cylinder, XXVII., in 1888, was also
brilliant.

Erperiment 5. Gold-lined compartment of wooden box
(XXXT7).—6 larvee, found July 17, were placed in
these surroundings July 18.  The 6 pupe were scattered
over the roof, and were very light and glittering.

Llrperiment 6. Silver-lined compartment of same box
(XL11.).—6 larve, found July 17, were placed here
July 18. The 6 pupwe were distributed as in the last
experiment, and were also light varieties, but did not
exhibit nearly so much gold. The network of pigment
covering thie surface was also much stronger.

Lirperiment 7. Clear glass lamp-shade almost filled witl
yellow paper spills.—1 pupa was fixed to a spill, and
5 to the glass near the spills. All the pupe, except
one dark individual with little gold (on the glass), were
light-coloured glittering varieties.

Laxperiment 8. Opal glass globe (L.).—6 pupee, sus-
pended from the glass near the top, were light, with
brilliant gold spots.

Some of the larve, experimented with as described
above, were light varieties, and some were dark. The
larval colours were not attended by any special tendeney
towards the formation of light or dark pupe. This was
also noticed in 1886.

Tlhese results indicate that C. cardui is also probably
sensitive, like the allied species; but more individuals
are needed to test this satisfactorily.

In Vanessa atalanta dark pupe arc formed in darkness
and on dark surfaces exposed to light. The black surface
is perfectly effective, even when separated from the larva
by a layer of glass. Gilt surfaces produce light and
glittering pupse, and the gilt also is effective outside the
glass. Silver surfaces produce far less light and brilliant
pupe, the species resembling 1. io in this respect.
White opal glass and bright yellow paper are very
effective, as in the other Iunnssulw, subjected to experi-
ment.

Conjlicting Colour Lixperiments, 1892,

A few of these experiments were conducted during the
past summer. The pupe in the compartments of the
case already described (see p. 8398), and shown in Plate
XV, Fig. 5, were compared August 28.
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Of two pup@ in compartments of the middle row,
one was fixed on the junction of black and gold, the head
being on the latter, while the other was fixed below the
junetion, so that the posterior half of the body was
against black, and the anterior half against gold. The
first pupa was dark, with very little gold, the second
light, and with the gold spots rather developed (the large
triangular spot was dull, the anterior part of each dorsal
spot somewhat golden). Here, while there is no evidence
for local effects, a lighter pupa was formed when a rela-
tively larger surface was exposed to gold than when the
surface so exposed was smaller.

Another pupa was fixed to the glass in a compartment
of the upper row, with the middle of the body opposite a
gold band, the head and posterior part equally opposite
black. The pupa was dark, with very little gold.

Two were fixed to the glass of compartments of the same
row, with the middle of the body opposite black, the head
and posterior end equally opposite gold. One was a
light variety with little gold, the other intermediate
between a dark and light variety.

A single larva was introduced earlier in the summer
into one of the shallow black ecells, covered in front
with white opal glass, deseribed in the Experiments on
V.10 (see p. 423). The pupa was attached to the glass,
and was moderately golden, being rather on the light
side of an intermediate variety. This result, with the
others recorded above, seems to show that the species
has a greater susceptibility to white and gilt surround-
ings when conflicting with black than is the case with
V. io. The difference between the effects produced
by the two opposite backgrounds when used separately
is, however, so much less in V. atalante as to render
the species far less sumitable for the purposes of this
enquiry.

There was not the least evidence for any local influence
upon the pupee, so that the results of these experiments
confirm the previous conclusions as to the physiology of
the process.
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4. ExpERIMENTS IN 1888 UPON THE PUPE OF VANESSA
POLYCHLOROS.

Two larvee, found near Oxford, were subjected to experi-
ment at the end of July, the pupe being compared
July 31. The larvee passed all three stages plepmatory
to pupation under the conditions described below.

One had been placed in a moderate-sized cylinder,
covered externally with two thicknesses of black tissue-
paper and a roof of the same (IX). This being inverted
on a black paper floor, was in almost complete darkness.
The pupa (position nnnoted) was much darker than the
other, with no trace of the gold spots. It was com-
parable to a dark (3) of Vanessa wrtice.

The other was placed in the gilt compartment (XXXI.),
and was fixed to the roof. Compared with V. urtice it
would be a light (3). The gold spots were present on the
metathorax and 1st and 2nd abdominals, although they
were not very bright, and there was no tendency to
spread over the general surface, as is so commonly the
case with the brighter forms of 1. urtice.

My friend Mr. O. H. Latter also experimented on the
same species in 1888, and sent the pupee to me for com-
parison, which took place August 15.

Three pupe, formed in black surroundings in a dim
light, were much darker than the others, with no trace of
metallic spots.

Three pupee, formed in gilt surroundings in a strong
light, were all light varieties, with silver spots on the
three usual segments.

The results were very uniform in both sets, and the
difference greater than in my experiment. It is likely
that the dimly iluminated dark surfaces produce more
effect than the same in darkness. This is shown in
many experiments on other larve and pupwe recorded in
this paper.

For a much longer series of e\penments made in the
same year by the Rev. J. W. B. Bell, see Midland
Naturalist,’ DOL(‘mbOl, 1889, pages 289-90. These
results also show a very high degree of sensitiveness in
the specics. The colours appear to be such as to afford
concealment, especially upon irregular dark surfaces of
bark or rock.
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5. IxPERIMENTS IN 1888 UPON THE PUPE OF ARGYNNIS
PAPHIA.

Twelve nearly mature larve purchased in the spring of
1888 formed the material of these experiments. When
they ceased feeding, the larve, divided into two equal
lots, were placed in two cases, the one with a white-
paper roof, the other with a roof of clear glass, upon
which was placed a sheet of black paper.

Black surroundings (seen through glass).—6 pupe
were obtained and compared June 22. They were all
dark varicties, with a considerable development of cuti-
cular pigment. The golden spots were as distinct as in
the others.

White surroundings.—The 5 pupe obtained were far
lighter, being a light brown with a very slight develop-
ment of pigment, except in one which was about the
same as the lightest of the other lot. There is ap-
parently no tendency towards the suffusion of gilt as in
1. artice, but the 5 pairs of spots, on pro-, meso- and
metathorax, and abdominalg 1 and 2, are very distinet and
bright, although those on the mesothorax are very
small.

The pupa is evidently highly sensitive, and the effect
upon the pigment is certainly such as to promote con-
cealment.

It is interesting to find a case in which the pigment
only is affected by the surroundings, and the glittering
spots are equally present in dark and light forms. In
this respect the species is at present unique, buf no
doubt further experiment will reveal the presence of
others. In all the Tanesside the glittering spots are
affected by the formation of dark pigment, and tend to
disappear in many of the dark varieties.

6. ExpERIMENTS IN 1888 upoN THE pUpE orF PIERIS
DBRASSIC/E AND P. RAPE.

Before deseribing the experiments, it is necessary to
give some account of the different colour varieties formed
in these two speecies. In P. brassice we meet with the
following classes :—

¢ (1). The normal form. In these pupw the ground-
colour is always more or less greyish from the abundance
and relative size of minute black pigment spots which
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occupy depressionsin the cuticle. . . . . Thelarge black
pigment patches and spots are nearly always abundant.
. . .. The ground-colour may be of various tints—greyish
green, orange, yellow, or a peculiarly opaque-looking
greyish white. The amount of the grey colour, always
present, subdues the differences between these tints, so
that they resemble each other far more than the above
desceription would seem to imply. . ... The following
subdivisions are well marked, although transitional
varieties oceur : —

(@) The darkest forms, with greyish green, orange,
yellow, or white ground-colour.

(5) Intermediate forms, with lighter ground-colour
of the same tints, and smaller and fewer
pigment patches.

(y) The lightest of these forms, with ground-colour
still greyish, but the pigment patches very
small relatively to (2) or (8).

(2) The last sub- (11v1s1on passes into this variety, in
which the ground-colour is an opaque-looking whitish
yellow, often with greenish areas on part of the surface,
the pigment patches being very small. The greyish
hue is lost, because of the minute size of the dots in’the
ground- colour. Henee the effoct is very light. . . ..

(3) A still more abnormal, very well-marked, variety,
possesses & deep transparent-looking Dbluish green
ground-colour, in which tlie minute dots and the large
patches are even less developed than in the last degrec.
An opaque whitish-yellow band, like the ground-colour
in (2), oceupies the anterior half of that part of the thud
abdominal segment whicl is scen dorzally, and extends
on to the posterior part of the segment in front ; and the
dorsal surfaces of the abdominal segments behind the
third are often mottled with the same colour. . . . .

The differences between the ground-colours of (1), (2),
and (3) are very well-marked. . . ..” (Phil. Trans., 1887,
B, pp. 409, 410.)

The words “normal ” and ““ abuormal ™ are only used
above in the sense of usual and unusual in the wild state.
[ivery form is normally produced by its appropriate
background, and it is only because the wild pupee are
almost invariably found on stone or brick walls, and on
palings, that they assume the appearance of (1)s rather
than (2)s or (3)s.
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The pupe of P. rape are divided into 11 classes,
passing from very dark varvieties:—Dwrk (1), (1), and
(2), through the iutermediate forms dark (3), (3) and
light (3), into the various shades of light pupw, dark
(), (), and light (4), and finally into the green pale (5)
and deep (5). 1 need not deseribe these further, as there
are only 7 pupe of this species tabulated below. But
the full account will be found in my previous paper (L. c.
pp- 410, 411), and 10 of the varieties are figured in the
Plate (figs. 82-41, all x 2), as well as 7 of P. brassice
(figs. 24-30, all x 2).

In the paper I have just referred to, a number of
experiments, with papers of various colours, showed a
great susceptibility on the part of these Pieride to
reflected light within the limits of the orange and yellow.
This light prevented the appearance of superficial
pigment, and rendered the pupe green. I was most
anxious to experiment further with screens of colonred
glass.

Such an investigation was undertaken in the autumn
of 1888, nearly mature captured larvee of P. brassice
and a much smaller number of P. rape being placed in
the cases described below and fed until pupation. Any
conclusions from the results are much weakened by the
small numbers subjected to the various conditions, and
this was due to the excessive mortality of P. brassice
during 1888 from the attacks of Iehmewmons. The pup:e
tabulated below are only a fifth of the larvae introduced,
424 having died from this cause.

The pupz were compared in the following spring,
April 6. They were removed from the cases and placed
side by side on white paper, and very carefully compared
wlien subject to the same conditions of illumination.

As regards P. brassice, the differences between 1 (),
1 (), and 1 (¥) were well marked and distinet ; but the
various tints of ground-colour, orange, whitish, greenish,
and yellowish (represented in the table by the letters
0, w, ¢, and y respectively), found in each of these divi-
sions were almost concealed by the predominant grey,
so that they counstitute features of very little importance,
and it is doubtful whether it is necessary to mention
them at all. But as the distinction was made at the
time, I have repeated it. The greenest pupze, the (3)s,
were not transparent-looking like the forms deseribed
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under this degree in 1887 (Phil. Trans., B., l.¢.), and
they had a greater development of the black patches,
and a more dusky appearance over the whole surface. The
opaque whitish yellow band crossing the 3rd abdominal
was slightly marked or absent, and the green ground-
colour was not so deep in tint.

The whole of the experiments are described in the
following table :—

(See Table, pages 441, 442, 443, 444, 445.)

A more exact statement of the light transmitted
through the sereens and reflected from the backgrounds
will be given in I'. Conclusions, where the main results
of all such experiments will be compared together.

It is very unfortunate that these experiments on the
Picride, which were conducted with the greatest carve,
should have lost much of their value from the death of
so great a majority of the larve. With five times as
many individuals to argue from—and this was the num-
ber introduced into the cases - tolerably safe conclusions
might have been drawn. Even as it 1s, the conclusions
are probably reliable, harmonizing as they do with those
derived from the investigation of T". io.

In the latter species, and in the Pieride in 18806, it
was ascertained that the larvee are sensitive to the orange
and yellow rays reflected from the adjacent background,
when diluted with other rays from the same source, and
an immense preponderance of direet white light. But
in the case of 1. 10, 1t has been shown that when both
these causes of dilution are reduced by the use of coloured
sereens, the larve became sensitive to reflected rays
which would not ordinarily affect them, viz., from the
red rays beyond the orange, and the green beyoud the
yellow ; but blue light, however concentrated, did not
appear to affect them.

Let us now apply this conclusion to the experiments
deseribed above.

Red glass in front of white aud orange paper produced
a far greater effect in the direction of green pupee than
is usually produced by red paper in white light.

Yellow glass, in front of backgrounds which reflected
the yellow light, produced much the same effects as
yellow backgrounds in strong light; in front of non-
refleeting backgrounds it produced darker pupze.
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Green glass in front of reflecting backgrounds produced
far more effect in the direction of green pupee than
green backgrounds (devoid of vellow and orange) in
strong light. With non-reflecting backgrounds it pro-
duced dark pupee.

Pale blue glass, transmitting much besides blue, simi-
larly produced far greater effects than blue backgrounds
in strong light, when placed in front of reflecting sur-
faces, but produced the same dark pupe when the back-
grounds reflected but little of the light it transmitted.

Deep blue glass, with one or two exceptions, always
produced dark pupz, and the exceptions were evidently
not related to the background, but were simple irregu-
larities such as often occur in darkness.

So far as the experiments go, they point to the same
conclusions as those reached in the case of V. io.

Conflicting colour experiments.—The results of Experi-
ment 32 (XCV.) entirely confirm those upon V. wrtice
and T7. 70. They also show that the influence of black
was stronger than the strongest antagonistic influence
when both were working together upon the same
organism ; for, out of 7 P. brassice, 5 were in the
darkest class except one.

D. ExperivENTs UPoN THE (C0COONS OF LEPIDOPTERA.

For several years I have, from time to time, made
experiments of this kind, whenever I met with a suitable
species.

If the power oceurs at all, we should chiefly expect to
meet with it in species building cocoons upon the surface
of the ground among leaves, sticks, &c., or freely ex-
posed on bark, and, among such species, especially in
those which pass the winter in the pupal state. Ex-
amples of these are to be found below; but all the
experiments upon them have yielded negative results,
except those upon the genus IHalius.

The first three species have been experimented upon
during the last few years, but I cannot now fix the exact
date.

Cerura vinula.—Some careful experiments were con-
ducted upon this speecies. The cocoons bear the most
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remarkable likeness to the surface upon which they are
fixed, and T wished to ascertain whether this was entirely
due to the abundant admixture of adventitious fragments
gnawed off the surface, or in part to the colouring of the
silk.

Six or more mature larvee were placed in glass
eylinders (1 in each) standing on sheets of gclass;
beneath the latter and round the lower half of the
cylinder white paper was fixed, so that the larve were
in brilliantly illuminated white smroundings, and yet
were compelled to spin cocoons from the products of
the silk-¢lands alone.

About 6 more were similarly placed, except that black
paper was used instead of white.

Under these circumstances, most of the larve spun
compact semi-transparent cocoons, the product of the
glands apparently forming a continuous sheet. Some
of them, however, failed to construct cocoons, and only
used the secretion to form a covering to the glass floor.

The cocoons varied much in colour, being all shades
of brown, but there was no evidence whatever for the
existence of any sort of relation to the colour of the
environment.

It is clear that the adjustment of colour which occurs
in nature is, like that of the cocoons of I1. abruptaria
(see p. 317) entirely due to adventitious particles.

Endromis versicolor.—A single mature larva was placed
among some shreds of white paper. It spun a cocoon
of normally dark brown silk.

Trichiura erategi.—Some experiments similar to those
described below in the case of I’. populi were made upon
this species, with the same negative results. All the
cocoons were dark. I have mislaid the notes with the
exact numbers.

Hemaris fuciformis 1889.—Six cocoons were spun in
two white paper boxes with clear glass covers, 5 of them
being among shreds of white paper. The silk of all
was more or less brown, but it varied through all shades
from dirty white up to dark brown.

Four cocoons were spun among dark twigs in a box
lined with dark tissue paper, also with a clear glass
cover. These varied in tint in the same manner.

It seems clear that the species is not capable of modi-
fying the colour of its cocoon into correspondence with
its environment,.
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From the occasional oceurrence of dark brown patches
on a light brown cocoon, it is probable that the larva
stains the completed structure, in the manner deseribed
by Mr. Bateson.

Pecilocampa populi 1891.—Four cocoons were spun
among leaves and twigs of Quercus cerris; these were
quite black on all exposed parts, while two spun between
pieces of white paper were not nearly so dark. The
blackness is, however, due to something which is not
silk, the latter being of a much lichter brown. It pro-
bably comes from the digestive tract (for neither the
paper nor the leaves or twigs around the cocoons appeared
to be gnawed), and has the appearance of bitten up
food or fmeces. It will be interesting to ascertain accu-
rately what this subslance is and why the larva has
so much less of it when the cocoon is constructed in
the paper. It may only follow from an accidental
separation from food just before maturity, or from dis-
turbance. Under any circumstances, there seems to be
no question of colour adjustment, for the larve in the
paper made the most conscientious use of all the
material they had, and spread it out so as to cover
the exposed part of their cocoons as completely as
possible.

Halias prasinana 1892.—1 brought forward H. prasi-
nana as an example of this power of colour-adjustment
in 1887 (Proc. Ent. Soc., pp. 1, li).  When Mr. Bateson
had shown a source of error in interpretation, owing to
the effect of disturbance on the larve, I felt that this
case could no longer be sustained without further experi-
ment, in which such errors were specially guarded
against. I have fortunately been able to make a few
such experiments during the past autumn, which,
so far as they go, entively support my earlier conclu-
sions.

A few necarly mature larve, beaten by Mr. Arthur
Sidgwick and myself, were placed, directly after capture,
in two eylinders. A twig of oak bearing leaves was
placed in each of these, and each of them stood on a
perforated plate and had a muslin top. The space around
the oak twig was filled in one cylinder with white paper
spills, in the other with dark sticks, chiefly of Quercus
cerris.  After this the larve were not touched, and it is
clear that therc is no reason for assuming that the
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larve of one cylinder were more disturbed than those of
the other.

White surroundings.—8 cocoons were spun upon the
muslin roof, which in this case was a considerable dis-
tance from the oak-leaves; 1 was light brown; 2 very
light brown and almost white. 3 were spun on the glass
side near paper spills and oak-leaves. Of these 1 was
rather dark brown and two were light brown.

Dark surroundings.—1 was spun on the muslin top,
in this case near the oak-leaves but away from the
sticks; 1t was intermediate between the tints last de-
scribed. 3 were spun on the undersides of oak-leaves in
close proximity to the dark sticks, and all these were
dark brown, far darker than any in the other cylinder.
One of them was built low down, and some of the white
cotton wool wrapped round the oak twig, where it passed
through the hole in the plate. was spun into one end of
it, while the ends of 8 dark twigs were also fixed to it.
As in many other cases among larve and pupee, where
dark and light surroundings contend, the former proved
to be more powerful, for the cocoon is as dark as the
other two. Another 5th cocoon was fixed to the glass
cylinder near the leaves, and closely surrounded by dark
twigs. It isvery dark brown, just like those upon leaves.
Mr. Sidgwick tells me that he has always obtained such
dark cocoons upon leaves.

Another kind of experiment was then begun. A very
small twig of oak with few leaves was placed in each
of two similar cylinders, which were then filled up with
fragments of white tissue paper, slightly crumpled.
One of these was then covered with a larger darkened
cyvlinder so as to be in nearly complete darkness; the
other was left in strong light.

In the latter a single cocoon was spun on the white
muslin roof far above the oak-leaves, but closely sur-
rounded by white paper, the corner of one piece being
spun into it. It was the whitest cocoon obtained, with
hardly a trace of brown. In the other darkened cylinder
92 cocoons were obtained, both spun, 4 centimetres apart,
on the muslin roof, the white paper close to them, and
abundantly spun into one, the leaves far away. The
cocoon on the muslin alone was a slightly deeper shade
than that on the muslin roof of the cylinder with dark
sticks (viz., intermediate between ‘rather dark brown”
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and ““light brown ”); the other spun on to muslin and
paper was ‘‘light brown,” lighter than the darkest on
the muslin top and sides of the cylinder with white
paper spills, but darker than the ¢ very light brown ”
ones on the roof of the same eylinder. It was in fact
intermediate between these two tints. Both were strik-
ingly different from the white one in the corresponding
eylinder exposed to light.

Hence darkness produced brown and light brown
cocoons, under conditions which, with light, produced a
white one. Experiments upon other species did not
render it probable that darkness would produce very
dark cocoons, but that it should produce any effect at
all is inexplicable, except on the supposition of a colour
which can be modified by the larva as & response to
external conditions, and this in a normal manner, and
not as the resnlt of disturbance.

T was very anxious to apply the crucial test which
suggests itself after reading Mr. Bateson's criticisms.
He contends that the dark cocoons are normal, and are
always formed in nature by healthy larve, and that the
light ones are produced by disturbance or the presence
of parasites.

If, therefore, a much disturbed larva spun a dark
cocoon, or, better still, a larva, which had begun to spin
a white cocoon on a white surface, afterwards spun a dark
one in contact with the appropriate swrroundings, it
would be quite impossible for Mr. Bateson’s criticism to
be sustained.

A larva beaten from birch spun a considerable part of
a perfectly white cocoon in a white ehip box. A birch-
leaf was also spun into the cocoon, but in this case the
white surroundings predominated. Mr. Sidgwick has
also obtained a white cocoon of this species in a chip box
during the present year. The cocoon was opened and
the larva removed, and it was then found that two eggs
of ichneumons, probably of the genus Paniscus, were
fixed to one or more of the thoracic segments. Intrying
to remove one of these with scissors, the larva was
rather seriously cut, and bled freely. T therefore desisted
from the attempt, and placed the larva in a eylinder with
oak shoots bearing leaves. To my surprise, it spun on
the glass, including the edge of an oak-leaf in its cocoon,
but cvery thread of silk spun after its removal was brown,
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even including the ““ ladder ” by which it ascended the
side of the cylinder. To-day (Dec. 17) I opened it, and
found, as T expected, the untortunate larva shrivelled up,
and an ichneumon cocoon lying beside it. Thus a dis-
tinct brown (by no means light brown) cocoon was spun
by a larva which had been subject to almost every kind
of disturbance—removed from a partially constructed
cocoon, bearing the external eggs of a parasite, and muti-
lated.

In this case T think it is probable that the instant
change in the colour of the silk, noticeable in the threads
of the “ladder,” and the framework around and beneath,
no less than in the cocoon itself, is probably in some
way associated with the irritation to which the larva had
been subjected. The case suggests, although it does not
prove, a source of the colouring matter other than that
provided by an extract from the food, contained in the
digestive tract; that is, so far as this species is con-
cerned. It was also certain that in this particular case
the silk was not darkened by the larva at some later time.

Another experiment of the same kind did not lead to the
same results. A larva had begun to spin a white cocoon
in a similar chip box. It had cnly constructed the
platform when it was removed and wrapped in many
folds of black net. IIere it began to spin a white cocoon,
but soon died without completing it. As regards this
case, it may be remarked that we have no evidence as
yet of the effect of black net or black paper upon normal
larvee of this species, although we should suppose that
dark cocoons would be produced.

I think that these experiments, few as are the indi-
viduals made use of, prove the existence of some power
of colour-adjustment in this genus; for such experiments
as were conducted were specially arranged to avoid the
sources of error present in the earlier ones.

Then, too, My. Tutt’s observations upon the allied I1.
cllorana afford very strong confirmation ; for it is hard
to see how any disturbance of his larvee, sufficient to
account for the colour change, can have arisen. (See
‘The Entomologist’s Record,” Jan. 15, 1892, pp. 9—12).

Rumia crategata, 1892.—Two beaten larve of this
species spun  very light brown transparent-looking
cocoons in picces of white tissue-paper in the cylinder
described above as exposed to light. DBoth larvie sought
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the innermost recesses of the crumpled papers. In the
absence of comparison experiments I cannot elaim that
this evidence proves any suseeptibility ; but I will keep
the cocoons to place beside others obtained in Jater
experiments.

Acronyeta tridens, 1892. — A captured mature larva
spun a pertectly white cocoon on the muslin floor and
among the white pieces of paper of the last-named
cylinder. Small holes were gnawed in the muslin and
the pieces fixed in the cocoon. It is probable that the
cocoon is, in nature, entirely concealed by foreign
particles, and that the colour of the silk cannot be
adjusted.

Orgyia pudibunda, 1892. — Two captured larve spun
light yellowish cocoons on the muslin floor and among
the white tissue-paper of the cylinder in light, and
another spun a similar cocoon among the paper frag-
ments and on the muslin roof of the corresponding
cylinder in darkness, no effect being produced by the
different conditions.

The light yellow colour and slight opacity appear in
this species to be solely due to the larval hairs spun into
the wall of the cocoon.

Tad I not been disappointed by a dealer, I should
have again tested the larva of Saturnia carpint during
the past season. I have no doubt that Mr. Bateson is
right in concluding from his experiments that the colour
of the cocoon cannot be adjusted; but I should wish,
hefore feeling absolutely certain of this, fo apply what
I believe is the most searching test of all, viz., dark and
light surroundiungs as they occur in nature, using such
materials as chalk, light sand, peat, &e.

In admitting the mistake I formerly made in applying
the principle of colour-adjustment to certain cocoons, I
still think that it applies to some cocoons, and have now
brought forward fresh evidence in proof of this conclusion.

In other respects, the amount of confirmation of my
carlier work, and of support extended to principles sug-
gested in it, which I have been able to bring forward in
the present paper, has been a source of satisfaction.
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. ExXPERIMENTS UPON LEPIDOPTEROUS IMAGINES, 1891.

1. Experiments in 1891 upon the colours of the larve,
cocoons, and imagines of Grophos obscurata.—1 have been
anxious to experiment upon this species for many years,
but, until 1891, I was unable to obtain the material.
I have suggested a probable influence of environment in
determining the colours of the imago, which is well
known to be licht-coloured on chalk, and dark on peat
(‘Colours of Animals,” Internat. Sci. Ser., pp. 157, 158).
The colours of these local varieties are certainly pro-
tective ; for Mr. W. . Nicholson, of Lewes, who has had
a very wide experience of the species, tells me that the
imago always rests upon the bare ground by day,
although found on the grass if searched for with a
lantern at night. This is equally true on chalk and
peat, the moth usually resting on the face of pits or
banks, beneath ridges or overhanging tufts of vegetation.

My friend Mr. Merrifield, of Brighton, knowing of my
wish to experiment with the species, kindly snggested to
My. Nicholson to obtain some larvee for me. I wish to ex-
press my sincere thanks to both these gentlemen for their
kind lelp, which enabled me to carry out an investigation
I had especially looked forward to, and which was of
very great interest, although the results obtained were
negative.

I received 20 larvie from Mr. Nicholson on May 16,
1891. These will be called the larve of the ¢first lot.”
They were obtained by searching with a lantern on the
night of May 14, and all were resting on dry grass bents
on a steep chalk bank near Lewes, facing S.\WV. The
ground was very white, and the moth when taken in the
neighbourhood is very light; in fact, the bank just
mentioned is the best locality for the almost pure white
variety of the species.

Mr. Nicholson also sent me 25 more larve,—the
““second lot,”—captured on the night of May 22 in the
same locality.

Although the results were negative, I will give some
account of the experiments, for the value of the con-
clusions depends upon the very great care which was
exercised. The same methods may also be of use in
other species.
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The colours of the 20 larve of the ‘“first lot” were
carefully compared May 17, before being arranged in the
experiments on the same day. The 5 largest were about
21:0 mm. long, and were lighter in colour than the
remaining 15, which averaged about 18:0 mm. in length.
The amount of colour-variability was not great, but
distinct. The various shades of colour are mentioned
under the experiments. The 25 larve of the ‘“second
lot” were very uniform in size, the average length being
18:25 mm. ; the colours of these larva were also more
uniform, but 10 were somewhat darker than the others.

The larve were fed on various low-growing plants,
such as Achillea, sorrel, buttercup, and plantain, as well
as on the more well-known food-plants, rock-rose and
burnet sanguisorb. They did not eat much, being nearly
tull-fed when received, and, indeed, some were probably
quite matuvre.

The habits of the larve were such as to expose them
very thoroughly to the materials made use of in the
experiments. Small pieces of chalk scattered on white
paper formed the light environments; coal and peat on
black paper formed the dark. In both cases the larve
generally hid under the chalk or coal by day, especially
when the food consisted of green leaves. When, however,
the rock-rose was employed alone, many of them hid by
day among the crowded brown stems in the inner part of
the plant.

The experiments were of three kinds—Dark Sur-
roundings, White Surroundings, and Transference Ex-
periments.

DARK SURROUNDINGS.
(See Table, page 455.)

LicaT SURROUNDINGS.
(See Table, page 456.)

Various TRANSFERENCE EXPERIMENTS AND OTHERS TO
BE COMPARED WITI TIIEM.

Fifteen of the lighter larve (although the difference
was not great) of the “second lot™ were pla,ce(_l, May 25,
in a rectangular glass case (LLL. Appendix), with a tloor
of peat and lumps of coal, standing on black paper (below
the glass bottom). They were offered rock-rose alone.



the colours of certain Lepidoptera. 455

May 27, 7 were on the black net roof, and 2 on the
plant, the rest having buried deeply in the loose peat.

May 31, 10 buried, and had made cocoons ; these were
transferred as described below (p. 457) ; 1 was on plant,
and 4 on roof.

June 22, the remaining 5 had buried, and 1 had
pupated. They were transferred as described below
(p 457).

DARK SURROUNDINGS.

|

Exvermenrt 1. | Experivent IL Experinent I11.
The floor of a large
glass cylinder (of about

1000 cc. capacity) was

Dark Smrroundings
from May 27.

black net resting 011} | Rectangular  glass
black paper; on this| Arranged asin I.  case (LIL, Appendix)
floor many small lumps | with floor of peat and

of coal were scattered; lumps of coal standing
the roof was black tis- ‘ on black paper (below
sue paper. glass bottom).

Larve of “first lot.” | Larve of “first lot.” | Larvee of *first lot.”

May 17. — 2 of the  May 17. — 1 inter-+  May 27. — 6 of the
lightest large larve & mediate large larva & |larve lost on May 24
3 of the lightest small 4 intermediate small | were foundon that day,
introduced. were introduced. but of course original

May 24.—3 escaped. | May 24.—2 escaped. | arrangement was un-

July 15—1 had pu-| July 7.—1 had spun known.  They were
pated recently, the|a slight ecocoon, and | placed between 2ith

other died. pupated the following |and 27th on rock-rose
Aug. 15. — Moth | day. . alone, with white paper
emerged. July 15. — The re- floor; on 27th intro-
‘ maining 2 were nearly duced here.
ready for pupation. June 23.—All buried,
Aug. 14. — Moth and 1 had recently pu-
found emerged. | pated.
- dug. 26. — Moth July 8.—1 dead.
found emerged. | 2 pupee in cocoons.
1 larva 00

1 pupain whichimago
was developing,
! 1 missing.
dug. 3. — 1 imago
emerged.
| Aug. 15. — 2 imagos
] emerged (1 probably
’ on l4th).

Aug. 26. — 1 imago
| had emerged. These
last 3 imagos emerged
from pupe in well-
made cocoons of peat.
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LicHT SURROUNDINGS.

Experinext IV,
White paper floor &

roof, with lumps of
chalk scattered on
former,

Cylinder as in I.

Larvee of * first lot,”
except two.

May 17. —1 darkest
of the large larve and
4 of the darkest small
ones introduced.

May 24, morning.—
A careful comparison
of the I, II., IV. & V.
was made, all the larve
being placed on white
paper, with the light
falling on the same
side of them from the
same direction. There
were no decided effects
to be recognised, but
perhaps those upon the
chalk had become
somewhat greyer, and
thosein dark surround-
ings a little browner.

2 escaped, and were
replaced next day by
2 dark varieties of the

“second lot.”  Fed
from this date on
rock-rose alone.

June 22.—1 had spun |
cocoon under chalk
lump, 1 dead.

June 27. — Larva in |
cocoon had pupated. ‘
July 7. — 1 dead, 1
spun slight cocoon. |

July 15.—2 pupe & |
1 larva in cocoon.

Aug. 3. — 1 moth
cmerged. |
Sept. 4. — Another !

moth had emerged. i

ExpERIMENT V.

Arranged as in IV.

Larve of “first lot,”
except one.

May 17. — 1 inter-
mediate large and 4
intermediate small in-
troduced.

May 24.—1 escaped,
but another was added
the following day—a
dark larva trom the
‘“second lot.”

July 7. — 1 larva in
a cocoon had just pu-
pated; 3 died about
this time.

Aug. 14, — 1 moth
emerged.

Sept. 1. — Another
moth had emerged.

Experivent VI

Arranged as in IV.

Offered  rock-rose
|alone until June 23,
after which nothing
was eaten.

| Larve of *“ second lot.”
|

May 25. — 7 out of
the 10 darkest larve
introduced.

June 13.—1 had spun
a slight cocoon under
a lump of chalk.

July 15.—1 had pu-
pated without cocoon.

Aug. 27. — 4 pupe;
[the 8 other larva had
‘ died.

Sept. 4. — 1 moth
emerged. The other
pupe died.
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It has already been stated that there was not sufficient
evidence that the colours of the larvie were modified by
the conditions of the experiments.

The colour of silk was variable, being sometimes white
and sometimes brown, but there was no evidence for the
existence of any power of adjustment. Adventitious
particles were so freely used as to render the cocoon very
hard to detect. In soft peat the larvae made their
cocoons at some considerable depth, but they also freely
spun among loose blocks of chalk on the surface.

The imagines, when carefully compared on a white
background, showed not the least tendency towards
colour-variation in accordance with the environments
which had been employed. Indeed they were, for this
species, remarkably uniform, being light grey forms,
but none of them extremely white, like the var. pullata.

It is clear that there is no suseeptibility during the
period over which the experiments extended. Either the
period was not long enough, or the species is not sensi-
tive in this way. If the latter be the true explanttion,
it is probable that the local races are to be accounted
for by natural selection, the lighter varieties being more
conspicuous, and therefore exterminated, in peaty dis-
tricts, and the darker ones on chalk. Before seriously
considering this suggestion, I should much like to repeat
the experiments, keeping up the conditions for nearly
the whole life of the larve. In the Ephyride we meet
with pupee the colours of which are determined by those
of the larve. It is conceivable that, in this case, the
colours of the larvee may be modified by environment
acting in the usual way during the early stages, and
that the imaginal colours may follow those of the larvie.
I should also very much like to know the result of
exposing tlie pupee to different temperatures, as in Mr.
Merrifield’s most interesting researehes.

F. CoNcLuUsIONS.

1. The light which effects the chief colour-changes in
lrve and pupe.—Great interest attaches to the attempt
to define the light rays which constitute the stimulus
leading to the colour-changes. Of these we must dis-
tinguish two main kinds: () changes in the colour of
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the true animal pigments, leading to various shades of
brown, grey, &ec.; (I the change to a green colour
modified from plant pigments in the food. When such
a change of colour is possible, the true pigments are
always superficial to the green, and cannot be retained
without concealing the latter, the degree of concealment
depending on the amount and distribution of pigment.
Thus in A. betuluria the true pigments are chiefly placed
in the epidermic cells, the green in the subjacent fat,
while in many others the former are in the superficial
layer of the cuticle, the latter in the blood or sometimes
in the lower layers of the cuticle. But the appearance
of the green is not merely the removal of a screen,
althongh this must occur; in some cases, at any rate,
it also means the formation of the green colouring
matter itself.

In discussing the effects of light it will be important,
therefore, to discriminate between (a) modifications of
true pigment; (0) its disappearance, accompanied by a
change to green.

I propose to tabulate all the coloured backgrounds
made use of in these experiments, and briefly to compare
their effects on the species subjected to them in 1886 and
in subsequent years. e shall thus be able to form a
sound conclusion as to the constituents of a mixed
reflected light (like that from leaves) which effect the
change, and as to the existence of any common sus-
ceptibility on the part of such Lepidoptera to light from
a particular part of the spectrum.

I wish to express my warm thanks to my friend Sir
Jolin Conroy for his great kindness in helping me to
malke an accurate statement of the quality of the light
reflected from backgrounds and transmitted through
screens. His well-known researches in this region of
physies rendered his kind assistance invaluable.

The method we employed with the backgrounds was
as follows :—The spectrum of lime-light, obtained by the
use of a bisulplide of carbon prism, was projected on a
white paper screen. The coloured backgrounds were
then held so as partly to cover the spectruin, wlen the
rays absorbed and reflected could be determined by
comparing the covered with the uncovered part. In
many cases, two backgrounds were placed in the spec-
trum together so that they could be accurately compared.

212
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The effect of the screens upon the backgrounds was
easily determined by comparing the effect upon the
latter when the former was interposed in the path of the
light on its way to the prism, with that of its with-
drawal.

The reflecting power of the backgrounds having been
thus determined, a few days later the whole process was
repeated, and the second set of observations compared
with the first. In most cases they agreed: when they
did not, we made a third observation. These determi-
nations were made in the laboratory of Balliol College,
Oxford.

I propose to consider the backgrounds in the following
order :—(1) Dark surfaces, such as black and brown,
rvetlecting very faintly, but from every part or many parts
of the spectrum; (2) coloured surfaces, chiefly reflecting
particular rays: these will be considered in the order of
the spectrum from red to blue; (3) white or bright
surfaces (white or metallic), reflecting strongly from the
whole of the spectrum.

(See Table, pages 461, 462, 463, 464.)

These results all combine to prove the validity of the
suggestion made in my carlier paper, that rays from the
vellow and orange part of the spectrum are effective in
dismissing pigment, and favouring green (or bright)
larvie and pupe. It seems tolerably certain that it is
the yellow and orange rays which, reflected from leaves
and shoots, stimulate the larvee and pupz to become
green. It is shown above that if a red background be
offered, pupae become dark ; but if an orange surface be
substituted, only differing in reflecting an additional
narrow strip of the spectrum, but in that strip including
orange and yellow rays, both larvie and pupe are
strongly influenced in the direction of green, although
there is hardly any green in the light which.reaches
them. I attach less weight to the evidence from yellow
backgrounds, because they reflect so much of the spec-
trum.  But the evidence from the green backgrounds is
the strongest of all. If the above argument holds good,
artificial greens which are strong in the yellow and
orange ought to act like leaves and shoots, while those
which are weak in this part, although as greens they
may be extremely bright, ought to produce dark larve



Light reflected from
backgrounds.

Larvee,

Lifects produced.
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is probably this faint reflec-
tion, not stronger in one
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Light reflected from
backgrounds.

Effects produced.

Larve.

Amphidasis Other sensi-

betularia.

Pale yellow paper. Whole
of the blue and very little
of the more refrangible end
of the green very famt.
All the vest as bright as
with white paper (LV.,
LXVIIL; also Pieride in
1886).

Brightyellow tissue-paper
on a background of white
paper. As above, except
that the blue and end of
green are completely ab-
sorbed (LVL.).

Bright yellow opagque pa-
per, somewhat deeper and
more orange in tint than
the last. No perceptible
differenee in the spectrum.
Made into spills; placed in
a clear glass lamp-shade.

Green learves and shoots
of living plants. The red
and blue rays are much
absorbed, but, in the small
thickness traversed by the
reflected light, the orange
and yellow little, and the
green hardly at all.

Dright yellowish green tis-
sue-paper  (faded).  Blue
much absorbed, green hard-
ly at all, the rest but little
(much in the unfaded pa-
per. LXIX., LXX.; also
DLicride, 18806).

Light  green  enamel
(painted on twigs). Green
bright; rcd, orange, and
vellow but little absorbed.
Blue wanting.

Green
larvee (in
nature &
in experi-
ments).

Green
larvee
(not very
bright).

tive larve.

Light
brown
larve :
greenish
brown or
green in
Rumia
cratayata
(experi-
ment).

Pupe.
Tanessa Pieris bras-
UNLIC®, | io. siee and P, Other
1886 and rape, 1836 pup.
later. and 1888.
‘ Green | Green &
| pupe. inter-
mediate
| pupe.
Green Green
pupz. | pupe of
P. vape
(Grif-
tiths).
|
Green i Light &
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pupz of
V. ata-
lanta.
|
Healthy | Green Green  V.poly-
brilliant |pup (in pupwe (in  chloros
pupe  nature). nature); saidto be
(some- also of |lightred-
times P. napi dish
foundin | (Merri- | brown,
nature). field). | with me-
tallic
spots.
| |
Irregular | Green  Green &
results : | pupz. inter-
paper in | mediate
part un- pupie.
faded ; | (Uncer- |
also con- tain how
siderable far paper
crowding was
‘ faded).




Effects produced.

Larvee.

|
Light reflected from | o o Fuess
hackgrounds. Vanessa Picris bras- |
/Imphsidqsis Ot_herseusi- urt.icm_. Fondo do sieq@ and I': Other
betularia. | tive larvee, | 1856 and ¢ | rapee. 1886 pupe.
later. | and 1888,

Bright green paper (ar-| Light Darkish |
senite of copperj. Con-| brownd& pupie.
siderable absorption of red, ' greenish
orange, and yellow, very' larvie
slicht of green; extreme (probably
blue absent and the rest poisonedi
dimmed (LVIL and spills). by the

pigment)

Pale bluish green lmpul'.‘ Dark |
The same paper, rendered ‘ pupze,
paler (probably as theeffect P. bras- |
of damp), was used with the sice; in-
experiments on Pieride in | terme-
1836. The spectrum, as ‘ diate P.
deseribed in Phil. Trans. rape.
(1887, B, p. 430), is very l
similar. | ’

Dark greenenamel (paint- | Darkish
ed on twigs). Red, ovange, larve |
and yellow darkened, blue | predomi- |
wanting ; slight absorption — nate. )
of green.

{

Dark dull green paper. Dark Dark
Some general absorption, pupze. pup.e
least in green, most in | (P, bras-
blue, considerable in yellow, | | sice).
orange, and red (LVI1LL.).

Green | Dark &

Very pale blue tissue- !

paper, on a background of | pupie, inter-
white paper. Some slight ' but not | media‘e
absorption of red, yellow, the pupse.
and orange; the rest of greenest.
speetrum uncharged (LIX.) ’

Light blue paper. All | Dark Darkish
blue unabsorbed, and all | pupe. | pupwe (2.
other parts considerably ‘ brassice)
weakened, but much less | !
so than below (LX.). i

Deep blue paper. Great| Dark | Dark Dark
absorption of all except| larvie. | bapw. | pupe (1.
blue (LXI., blue spills). } brassice)




Effects produced.

‘ Larva.

Light reflected from =
backgrounds. | | Vanessa
|Amphidqsis Other sensi- wrtice,
| betularia. | tive larvae. | 1886 and
| ‘ later.
_ !

Darkest blue paper. Very | Unifornn-
great absorption of all ex- 1y very
cept blue, which wasslightly . dark
absorbed  (LXIIL, blue| larva:
spills). a deep

purplish
brown.

White metallic surfaces of Tend to
tin and silver. These give produce
a strong, continuous spec- 1ig1‘1t~and
trum, but the light is re- brilliant
flected regularly, and not pupee,
much diffused. but not

Yellow metallic surface of
Urass (** gilt”’) also appears
togive a strong, continuous |
spectrnm, but the yellow
colour is due to the absorp-
tion of blue. Reflect regu-
larly as above. More effect |
is produced when there is
increased diffusion,owing to
the surface being irregular.

White opal glass. Gives
a strong, continuous spec-
trum ; thelight is diffused.

|

IWhite paper. Speetrum | White
as above. larvee.

so much
as below.

Produces
the light-
est and
most
Jrilliant
pupee.

Tends
strongly
to pro-
duce
light and
brilliant
pupe.

Asabove,

Pupee.

‘ Tanessa io.

Dark
pupée.

Tend to
produce
green
pupe,
but not
| nearly so
much as
below.

Tends
very
strongly
to pro-
duce
green
pupee.

Tends
strongly
to pro-
duce
green
pupz.

Asabove.

Pieris bras-
sice and P,
rape, 1886

and 1888.

Darkish
pupe
(P. rape,
1886).

Light or
green
pupe.

Other
pupz.

V. ata-
lanta.
Produce
light and
brilliant
pupse,
but not
so much
as below.

V. poly-
chloyos,
V. ata-
lanta.
Produces
the light-
est and
most
brilliant
pupee.

V. ata-
lanta.
Produces
the light-
est and
most
brilliant
pupe.

Argynnis
paphia.
Very
light
pupz (no
change
in bril-
liancy).
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and pupe. And this is what has been found to occur.
I attach great importance to the colour of copper arsenite
in this respect. I hope to try it again on a larger scale,
covering it with varnish so as, if possible, to prevent any
poisonous effect.

The larve and pupa are probably sensitive to diffused
rather than regularly reflected light, the strong effect of
“gilt” being explained by its absorption of blue rays,
and the consequent greater prominence of yellow, as
well as by its power of returning so high a proportion of
the light which falls on it. Silver and tin with this same
power, but without that selective absorption which gives
prominence to yellow, exert a far inferior influence upon
these insects. The effect of white paper and opal glass
is easily explained on the principles laid down above.

I have hitherto only considered the production of
green or bright pupe and larvee. But the table of back-
grounds at once proves that the case is far more com-
plex in certain species, and notably in Adwmplidasis
betularia. These larve behave like the pupee as regards
green, black, and orange backgrounds, but entirely diffe-
rently as regards brown, white, and, to some extent, deep
blue. These do not make the larve green, but produce a
special form of true pigment, in two cases corresponding
to the coloured surface which emitted the rays forming
the stimulus. It caunot be doubted that these effects
also follow from the constitution of the diffused light
reflected from the background (see also pp. 853, 856,
359).

The same contention is true of R. crategata, the true
pigments of which can certainly be modified, as well as
dismissed (see p. 826), and probably of all sensitive larvee;
for it is unlikely that the great difference between the
dark and light browns is only a question of quantity of
pigment.

We are justified in concluding that a larva of a species
which possesses this power of adjustment (as regards
pupa or larva) is effected, during the sensitive period, by
certain constituents of the diffused light reflected from
surfaces in its immediate neighbourhood, diluted as it is
by other constituents, and far more by the direct white
light which falls on every part of its surface. It is
sensitive to this very small proportion of effective rays,
and can, as a response to the stimulus, produce true
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pigment, or dismiss it and become green, or in some
cases can alter the constitution of the former so as to
produce a variety of tints, each of which is more or less
appropriate to some form of natural environment.

The use of coloured screens obviously alters the case
entirely, for the larval surface is thus exposed to far more
concentrated rays from certain parts of the spectrum.

The screens employed were kindly deseribed for me by
Sir John Conroy. I quote his determinations below:—

Red gelatine. — “ Transmitted light. Red. The ab-
sorption begins abruptly on the less refrangible side of D
at about a wave-length of 604, and extends through the
remainder of the spectrum.” —Receptacle LXXIL. (see
G, Appendix).

Although the light was thus a very pure red, the
larve of V. io formed distinet green pupze when exposed
to it upon a reflecting background. In this concentrated
form, red rays have the power only possessed by yellow
and orange under more normal conditions.

Red glass.—* Transmitted light. Red and some yellow,
together with a little green and a trace of blue. Light of
wave-lengths between about 589 (D) and 559 strongly
absorbed.”—Receptacles LXXI., LXXIL. (at one time),
LXXV.

Green pupe of . i were similarly formed beneath
this sereen, and much lighter pupee of P. brassice than
those usually produced by a red background.

Yellow glass.—¢ Transmitted light. Red, yellow, and
areen. Slight general absorption of the red, yellow and
green, and strong absorption of all the blue rays.”—
—Receptacles LXXVIIIL. to LXXXI., and LXXVL

Green pupe of 1. io were similarly formed, and inter-
mediate or light pupz of P. brassice. When the back-
ground reflected hardly any of the transmitted light, the
pupe of the latter were darker.

Green gelutine—*‘Transmitted light. Red, yellow,
and green. Some general absorption through ved,
yellow and green, and strong absorption of rays of
wave-length greater than 462.”—Receptacle LXXIIL.

Green pupie of 1. io were similarly formed.

Green glass.—* Transmitted light.  Sowme red, yellow,
and green. Light of wave-length greater than 605 and
less than 501 strongly absorbed. The rays between 605
and 576 considerably absorbed.”—Receptacles LXXXIL
o) SURCSONAYS;
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Results with P. brassice much the same as with the
yellow glass, but more irregular, and on the whole darker.

Green glass.—*“ Transnutted light. Green. Light of
wave-length greater than 572 and less than 517 strongly
absorbed.”— Receptacle LXXVILL.

Pupa of 1. io formed upon a reflecting background
beliind this sereen, which is far more complete than the
last, were nniformly green. Pupze of V. urtice formed
behind it upon a feebly reflecting background were dark.
Pupee of P. brassice under the former conditions were
intermediate.

Pale blue glass.—** Transmitted light. Some red and
yellow, the yellow-green, and most of the blue. The
extreme red below 645 absorbed, a faint absorption-band
from 605 to 584, and a slight continuous absorption above
548.”—Receptacles LXXXVI. to LXXXIX.

When in front of backgrounds which reflected all
transmitted light, except the blue, intermediate pupe
were produced ; when with a background which reflected
only the red, the pupe were much darker.

Blue gelatine. — “ Transmitted light. Some red, and
the yellow-green and blue. Slight general absorption
of the red, and an ill-defined dark band from about 608 to
578.”—Receptacle LXXIV,

Intermediate pupe of T~ io were formed behind this
sereen.

Blue cobalt glass.— *“ Transmitted light. The extreme
red ; yellow-green; a small amount of green, and the
blue. Strong absorption of light of wave-length between
702 and 576, and also of wave-length greater than 553 ;
the upper limit of this strong absorption too ill-defined
to be measured.”—Receptacles XCI. to XCLV.

With certain exceptions, dark pupe of P. brassice
were formed behind this blue screen upon reflecting and
non-reflecting backgrounds alike.

Blue cobalt glass.—*“ Very similar to the above, but it
transmits rather more light.”—Receptacle XC. Recep-
tacle LXXIII. was (at one time) covered with this glass,
or that last described.

Same clfects upon L. brassice.

The results, upon the whole, supported the argument
already given. 1. {0 is evidently far more sensitive than
D. brassice, and I greatly regret that so few of the latter
were subjected to thie conditions described above.
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On the whole it is probable that, when the direct white
light is cut off by a screen, and in some cases the mixed
reflected light reduced by the same means, the lavvee,
when resting on reflecting surfaces, are sensitive to a
larger pavt of the spectrun, comprising the red on the
one side, and the green on the other, but not the blue.

In talking the matter over with Sir John Conroy, he
suggested that the heating effects of the rays may have
something to do with their power; for he informed me that
the usual opinion as to the superior heating properties
of the red and ultra-red rays is mistaken, and only
holds for dispersed light, when the smaller refrangibility
of these rays leads to crowding in a given area. Under
the conditions of these experiments, he tells me that the
yellow rays possess the greatest heating power.

Bnt if it were a question of temperature, it is very
difficult to understand why the effects of reflected light
are not completely subdued by those of direct light. Nor
is there any evidence that accessory conditions which
must greatly atfect the temperature of the larve, such as
the amount of sunshine, have any influence upon the
result. Upon the whole it appears far more probable
that nerve-terminations in the skin are directly affected
by the radiant energy, and, in most cases, are especially
sensitive to those vibrations which appear to affect
animal life most powerfully.

Some conclusions from the experiments on larve.—
I have here brought together some of the chiet results
of the shorter experiments.

legularly dimorphic forms, with intermediate varieties
rare or wanting, are never, as far as onr present know-
ledge extends, snsceptible to surronnding colours, while
variable species tend to be so. In this respect Geometra
papilionaria is very interesting, being susceptible when
variable during its youth, but not in advanced stages,
when it is dimorphic. Among the Geometre, so many
of which are strongly susceptible, we meet with well-
marked dimorphism in the genus Iphyra, which is
apparently not affected by snrroundings.

Noctue ave far less sensitive than Geometre, both in
relative numbers and in the effect produced in the most
marked cascs. The most susceptible Noctue, the Catoca-
lide, ave purely arboreal forms, like the majority of
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Geometre, and specialised, like the latter, for conceal-
ment among twigs and on bark. It was the knowledge
of this specialisation which led me to test for that further
protection which is afforded by the power of ecolour-
change.

The other larve (Smerinthus, Sphinz, Aglie) which 1
have tested are very inferior to the genus Cutoeale in
this respect, but from what Col. Swinhoe tells me, it is
evident that some of the Indian Splingide are highly
susceptible.

There may be a most extraordinary fluctnation in the
amount of susceptibility within the limits of the same
genus (Catocala, and in the pupee of Papilio).

In Geometre alone have distinct green larve been
produced by these experiments. Probably the great
majority of these larvae ave sensitive. Out of 11 species,
many of which were selected at random, all but one
have proved to be so.

There is no evidence that the results acquired by one
generation can be transmitted to the next (Liunmia, Cro-
callis). The susceptibility is essentially an adaptation
to the faet that the individuals of each such species are
liable to find themselves in different environments, so
that any bias from the experiences of the past would
of course be injurious, unless the earlier and later
surroundings happened to correspond.

In the case of R. erategate the test for hereditary
effects was as complete as it could be in one generation.

Concerning the time which is necessary before the
colour-changes begin to appear—

Some effect was produced in 8 days in young G. papilionaria.
” 8 = C. elecla.

LR »

Much » 12 - C. elinguaria.
» s » 14 about ,, M. montanata.
" " " o o C. elocata.
» » ” 13 (or less) ,, H. abruptaria.
v ’ o 17 )y R. crategata.
" . ” 8 n A. betularia.

When carefully watched for, the changes are sometimes
seen to oceur quite suddenly (C. elinguaria, R. erategata,
1886, 11.).

The effects cannot be reversed by reversing the sur-
roundings for a short time (C. elinguaria, 1. abruptaria,
A. betularia).

When the conditions are uniform, the response to
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environment does not necessarily destroy individunal
rariability, but tlie most powerful forms of environment,
when applied to highly sensitive species, very nearly do
away with it.

If the environment be mixed, there does not appear to
be any instinctive knowledge leading the larvie to rest
only on appropriate objects. Thus, if they have become
green, and are beyond the power of change, they will
nevertheless rest on brown twigs in preference to leaves,
if offered to them.

The instinet of these Geometre is to rest upon twigs
under any circumstances, and this is probably the reason
why so small a proportion of twigs produces so great an
effect (A. betularia, 1889). Contact, or at all events the
closest proximity, is required to effect the change. Al-
though they are so much more susceptible to brown sur-
roundings when these are mixed with green, there were
no exceptions among 105 larvee which in 1889 became
green among leaves and shoots.

The effects produced on the larve do not influence the
colours of the moths (A. betalaria).

Darkness does not produce so great an effect as black
surroundings in strong light (1. betularic, R. crategata,
C. elinguaria). Overcrowding tends to produce dark
larvee (4. betularia, L. crategata).

In the case of R. crategata and A. betularia, there is
direct evidence of the power being efficient in concealing
the wild larve.

The larvee are probably chiefly sensitive at the time
when they quit the leaves and first begin to rest on the
twigs.

The protective significance of the colour changes.—
Looking at the results here recorded, as a whole, there
can be no doubt about these changes being such as to
promote concealment. In the majority of the larve
the only possible change appears to be from dark to
light brown or greenish brown. DBut the latter are far
less conspicuous on the leaves than the dark varieties
would have been, although they are not nearly so well
concealed as the latter upon the dark twigs. When
the larvee of any one of these species hatch upon a
tree, or part of a tree, with a great abundance of
young green shoots, their susceptibility would certainly
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lead them in the direction of concealment. Tt by nomeans
follows that the power is useless in certain species because
it leads to more perfect results in others. Concerning the
latter, no one who has once seen the larvie of A. betularia
or I. erategata upon their food-plants in the field, can
doubt about the meaning of the changes in colour which
they undergo.

The pupw of many species have now been tested, and
only in the case of one of them (V. wrtice) has any doubt
been expressed as to the efficiency of the change in pro-
moting concealment. The cases of Vanessa to and the
Pieride (including P. napi) are nearly as clear as those
of A. betularic and R. crategata, and the same may be
said of a few S. African species tested by Mrs. M. E.
Baxber, Mr. Roland Trimen, and My, Mansel Weale. The
changes of Vanessa atalanta and V. polyclloros certainly
lead in the same dircction ; and there is not that exces-
sive development of the golden appearance in the lighter
forms which, m V. wrtice, is thought by some to be a
conclusive argument against the protective significance
of the change.

In Argynuis paplia we have a very interesting case.
There can be no doubt about the change being strongly in
the direction of concealment, but the metallic spots (which
are not very large) are equally present in both dark and
light pupe. The ancestral relationship of the Argynnide
to the Tanesside, as shown by Dr. Dixey in the com-
parison of the wing markings, suggests the possibility
that the metallic spots are an ancestral feature of both
pupe which can be removed from the darker forms of
Vanesside, but remain in the lighter ones, while they
persist in both varieties of at least one species of
Argynnis. In this respect it is interesting to note that
the position of each metallic spot can generally be de-
tected by 1its lighter colour in the dark pupw of such
species as V. polychloros or V. atalanta.

I must now consider the case of V. wrtice at greater
length, because of the arguments brought forward by
Mr. Bateson in a recent paper (Trans. Ent. Soc., Lond.,
1892, pp. 212, 213).

This writer, in the first place, attempts to cut away
the foundation of an interpretation based on natural
selection, by arguing that there is no struggle for cxist-
ence during the pupal stage of this species,
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It is interesting to note the antagonistic objections
which Mr. Bateson and Mr. Beddard urge against the
protective efficiency of colouring, the one holding that
enemies are purely imaginary, and the other that they
are so supremely successful that no concealment is of
avail against them.

No one feels more keenly than I the truth which
Darwin so constantly urges in his letters, that we are
profoundly ignorant of the conditions of existence of
almost every organism. But Darwin never used this
ignorance as grounds for the assumption that enemies
are ““imaginary ” for any part of the life of any animal.
He rather felt that the enemies were apt to be under-
estimated than over-estimated. I have great hope that
this part of the evidence for natural selection will be
tested as severely as possible by those who believe in
the doctrine ; for there seems to be little chance of such
work being forthcoming from those who attempt to
depreciate 1t. It is very much easier to assume that
enemies are imaginary than set about a searching
enquiry into the conditions of existence as they affect
any one animal. But such expressions of opinion have
their value in stimulating those wlio consider them to
be eminently unscientific to obtain direct evidence.

I have for a long time wished to undertake such an
investigation myself, but one man alone cannot do much,
especially in the vast field of observation whieh must be
covered in order to obtain adequate direct evidence.
This paper and my other works are an indication that I
have not been idle. In the hope that others may be in-
duced to work at the subject, I will therefore mention
some lines which T think would lead to useful results.

Larve of such species as A. betuluria might be
liberated upon plants which harmonize and upon others
which do not harmonize with their colour. Only one
larva should be placed on each branch, not many
branches on the same tree should be employed, and
the trees should be widely separated. The larvie might
be liberated at the last cedysis, so that their colours
would remain nearly constant. They should be observed
and noted twice a day. If they disappeared at once,
allowance would have to be made for wandering, but if
they settled down on the branch, there would be no
reason for suspecting them of this.
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Pupe may be observed more satisfactorily. Large
stones could be placed in a case with a few mature larve,
and when two or three (not more) pupae were suspended
to each, the stones could be removed to the borders of
sonie wood or field and noted twice a day. This would
be a fairer test than a garden. In this way the pupe
would be accessible to such probable enemies as insec-
tivora and rodents. In other comparison experiments
light pupe could be fixed to dark stones and vice versd.
This test could be satisfactorily applied to many species,
and other objects made use of as well as stones.

With regard to imagines, we first require to find where
many of them conceal themselves at night and in
rainy weather. This could be accomplished by track-
ing the butterflies at dusk, marking the spot where they
finally come to rest, and again examining it at night
with a lantern. Butterflies bred in confinement could
then be placed at night in natural and unnatural situa-
tions, observed in half an hour to see whether they had
moved, and again observed and noted in the morning
before they begin to fly. The same kind of observation
could be made with hybernating species.

In the meantime, however, there is some very strong
indirect evidence which is worthy of attention. Assuming
that a female V. urtice lays 800 eggs, every pair of
butterflies would be represented by 300 offspring in the
next generation, were it not for the deaths which ensue
at some period of development. Owing to this cause,
however, we know that, on the average, they only pro-
duce 2 mature offspring to take their place, and them-
selves become parents. The extinction of 298 out of
300 means a severe struggle for existence, and does not
support the assumption of “‘imaginary” enemies during
any stage or in any week, especially when we remember
that there are two or more generations in a year. And,
contrary to the commonly received opinion, I should
maintain that extinction is least during the first of
the three stages. The larvee are perfectly exposed and
obvious during their whole lives, and we know their
conditions fairly well; of the pupe, in nature, and the
imagines, when concealed, we know comparatively little.
The larve have been proved to be distasteful to certain
insect-eating animals, and the persistence of large
colonies through the whole of larval life proves that

TRANS. ENT. S0C. LOND. 1892.—parT 1Iv. (DEC.) 2 M
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they are not subject to much extermination from this
cause. Their chief foes at this period are dipterous and
hymenopterous parasites, but the deaths are not nearly
80 numerous as might be inferred from Mr. Bateson’s
experience. In 1886 I experimented on 700 larve
belonging to many colonies (the exact numbers can be
ascertained in my paper, Phil. Trans., l.c.), and in 1888
upon the many hundred larvee tabulated in this memoir;
but I am quite sure that the deaths from this cause did
not come to anything like 10 per cent. The Tachina
larvee nearly always emerge before the Fanessa pupates,
and are quite obvious, together with the dead or dying
larvie. 'The proportion of deaths in 1740 was not widely
different.

There are great differences between the colonies in
this respect, as is well shown by Mr. Bateson’s experience
of 5 or 6 deaths to 1 survival. It would be very inte-
resting to observe whether there are any individual
differences in the methods employed by these larve in
keeping off their insect foes, so as perhaps partially to
explain why some colonies are almost swept away, while
others are nearly untouched. 1 hasten to anticipate
Mr. Bateson’s objection by stating that this suggestion
is not intended as a ‘“basis for argument,” but as a
stimulus to observation. Tiveryone who has observed
these larvee must have noticed the twitching of the wild
larvee when disturbed, and how readily the movement
becomes concerted and common to a whole detachment
of a colony. This is probably one of their methods of
defence against such foes.

The numerical argument alone drives us to the two
remaining stages for the chief extermination, and it is
impossible, on these grounds alone, to admit that the
pupal stage, short as it is, can escape.

Mr. Bateson considers that the theory of the protective
significance of colour has only been *‘applied to the ease
of these pupe by an indiseriminate extension of de-
ductions made in other cases fairly enough, as, for
example, in that of the larvae of A. betularia.” And yet
we can only suppose that these latter are large enough
to be the prey of insect-eating vertebrates for about the
length of the pupal period of the Fanessa; and, as for
concealment, the latter would be far more perfectly
hidden were it not for walls and palings, which are not
a strictly natural environment,
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When we also remember that, wherever they pupate
in & natural environment, it is almost certainly within
reach of small insectivorous or omnivorous mammals,
which can hardly have the chance of reaching the larv:
of betularia, we are led to connect their more complete
concealment with their greater dangers. In speaking of
“more complete concealment,” I refer to the result,
however brought about,—to the instinct which leads
them to scatter and hide we hardly know where, as well
as to the colour and shape.

Mr. Bateson states that he would have been less sur-
prised if the golden pupw of V. urtice had been brought
forward as examples of warning than of protective
coloration. But the most prominent feature of the latter
is the habit of adopting a conspicuons position or
attitude ; for this, even more than the colour, displays
the organism to its enemies. In the pupae of Kuploa
core we probably have an example in which the me-
tallic appearance has this significance, but it is always
freely exposed, and, as Mr. Minchin tells me, most
conspicuous, and can be seen from a great distance.
[t is impossible to say this of V. wrtice as it ocenrs in
nature. Again, I have experimented with V. witice,
and find that the most fastidious of all insect-eating
animals I have come across, a marmoset, devoured the
golden varietics, one after the other, with the greatest
relish.

Mr. Bateson argues that the golden varieties cannot
be protective because they are conspicuous against
certain artificial backgrounds, which nevertheless stimu-
late their production. It is strange that he should have
employed such an argument, considering that I showed,
in 1887, strong reason for believing that only some of the
constituents of the reflected licht are effective in the
production of the far more perfectly concealed green
pupe of Pieride. 1t the yellow constituent of the light
reflected from leaves is proved to Dbe eflicient rather
than the green, it by no means follows that the power
is not directed towards concealment, because yellow
backgrounds ave effective in producing green pupze.

The same argument would deny any “* ‘attempt’ on the
part of the animal to approximate to the colour of its
surroundings” to the larvee of A. detuluria, and the pupe
of V. i0 and the Pieride, because all these become bright

2 M2
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green against orange backgrounds. And yet Mr. Bateson
admits snch an “attempt’ on the part of betularia (l.c.;
p- 212).

Mr. Bateson fails to apprehend that if the pupe had
resembled the various artificial backgrounds, it would
have been the strongest blow against the theory of the
protective significance of the change. We can hardly
imagine the production, under the theory of natural
selection, of adaptation to surronndings which had never
before been met with in the life of the species, and it
would be clear that we had to deal with some other
power. T have no prejudice against my own discoveries
that I shonld seek to minimise them; but the chief
reason why I have failed to see in them what some
others have believed they have seen, viz., the indications
of some new power in the monlding of species, is because
I have only been able to produce those changes which
can be produced by a natural environment. Even the
golden pupee of 7. urtice form no exception ; for healthy
individuals are known to occur, although rarely, upon
the leaves of nettles.*

Mr. Bateson does not seem to see that his opinion
that the golden form is conspicuous is really at variance
with his contention that the pupal susceptibility does
not tend towards concealment; for, in nature, the sus-
ceptibility is chiefly employed in checking the production
of this very form. Until my experiments, the golden
pupee were little known, except when diseased.

We have seen that the colour-changes of all species
proved to be susceptible certainly tend towards con-
cealment, 1. wrtice being alone disputed; that the
protective green and dark forms of V. io certainly
correspond physiologically to the gilded and dark forms
of V. wrtice, while the dark forms of the latter are
certainly protective; for the pupa would be dark on a

# Mr. Merrifield tells me that, during the last week of August,
1892, he found about 50 pupe of V. urtice, evidently belonging to
one company, suspended to the stalks of nettles, or sometimes of
other plants growing with them. All were entirely golden, and all
produced ichnenmons. A few days later Mr. Merrifield found a
colony of over 200 nearly mature larvie, and among them about a
dozen pupie, also on the nettle-stalks. These were equally golden,
and abont half produced imagos, the remainder being ichnenmoned
(one died from some unknown canse). See also Iixperiment 63,
p. 882,
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dark stone, and light on a light one. Which is the
more improbable hypothesis,—that the light form, now
nearly always withheld, originally possessed a protective
significance like the dark form of the same species, and
the corresponding light form of the nearly allied 17. io,—
or that one form of one species stands on an utterly
different biological level from all the vest 2 I thinl it far
more likely that ‘“all zoological science will be thrown
imto confusion” by such gratuitous assmmptions than
by any attempt I have made to suggest, with all due
caution, a possible environment in the past history
of the species with which the golden form may have
harmonised.

I still hold, and on far stronger grounds than formerly,
that all the changes ave, or were, in the direction of con-
cealment ; that the golden appearance applied chiefly
to some former environment, or one which may still
exist in other countries; that in one species (I". io) it
has been almost replaced by the green variety, while it
has been hidden by the habits of another (1" atalunta),
and removed from the davkest forms of all Tanesside;
that in V. wrtice it occasionally occurs on the natural
food-plant, and is still protective, in that it is less
conspicuous in this situation than the dark form would
have been; but that the latter is so far more effective in
promoting concealment that the larvie have developed o
strong instinet to wander, and are rarely found on the
nettle-plants in the healthy state.

This whole question is considered by Mr. Bateson to
be an ““ unprofitable field for study ”: he may have found
it so; but any attempt to limit the investigations of
others by the barrenness of his own experience, cannot
be tolerated. It has been the guidance of this hypothesis
of the protective value of the colour-changes which has
chietly directed me to seek the forms which are most
suitable for the purposes of this enquiry, and to apply
the most efficient experiments, and so to aceumulate facts
which have an interest far beyond their relation to the
hypothesis itself.
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G. APPENDIX.

An account of the various reeeptacles used in the eapert-
ments on pupe. (C.)

In the experiments upon pupe a great variety of
receptacles was employed. Inasmuch as the crowding
of the pupee greatly atfects their colour, it is necessary to
give the approximate dimensions. A full description
will now be given, in which each receptacle will be
denominated by the number which represents it in
the experiments deseribed in the paper.

A. Brack SURROUNDINGS.

I. Alow wide glass cylinder, 1'86 decimetres diameter, *91 high ;
lined inside with black tissue-paper (1 layer), and 2 layers for roof.

II. A very similar eylinder, 1-76 decimetres diameter, *77 high ;
lined with 1 and covered with 2 thickuesses of black tissue-paper ;
roof, 2 thicknesses.

III. A very similar cylinder, 1'6 decimetres diameter, 1-0 high;
lined and covered as in II.

These 3 eylinders were sometimes employed in strong light,
being placed on their sides, and the open end closed by a sheet of
clear glass. The upper part of the side then became the roof, and
the paper roof a black background.

In other experiments they were used in darkness, being placed
on their open ends on a floor of black tissue-paper. In many cases
the darkness was rendered complete by a further covering of mats,
rugs, &c., although it was tolerably complete when these were
omitted.

IV. A tall glass cylinder, ‘825 decimetres diameter, 1:79 high;
lined inside for half the circumference with a single layer of black-
tissue paper; roof, 2 layers of same.

This was always used in strong light, the clear half of the
cylinder being twned towards the window.

V. A similar cylinder, with the black background fixed outside
the glass, the roof consisting of a single layer of tissue-paper
gummed on to a sheet of glass, which was turned glass-downwards
on the open end of the eylinder.

This was always used in strong light, and it was employed to
determine whether a black paper surface was as ecffective when
separated from the larvie by the thickness of the glass.

VI. A similar arrangement, with a domed cyiinder, like those
desceribed below.

VII. This was one out of three compartments in a wooden box,
measuring 3'3 decimetres high, 1-43 wide in front, 1'85 wide at
back, 1:25 deep; lined throughout with black tissue-paper.

A clear glass sheet closed the front, and this was always turned
towards a strong light.
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The remaining black receptacles were always used in darkness,
sometimes with the addition of rugs and mats, sometimes without.
They were always placed open end downwards on a black tissue-
paper floor, except when the larvae were fed in thein, and this was
only very ocecasionally.

VIIIL. A eylinder similar to IV., covered with 2 layers of black
tissne-paper, and a roof of the same.

IN. A smaller cylinder of the same kind, *71 decimectres
diamcter, 1-53 high ; covered and roofed as in VITT.

X. A eylinder, probably of the same size as IX., or perhaps IV,
possibly domed like the succeeding ones. In any case, the cover-
ing was as in these.

XI., XII., XIII., XIV. These 4 cylinders were *70 decimetres
diameter, 1'98 high, with the upper end domed, so that the diameter
was reduced to rather less than half that of the lower end. They
were all covered with 2 layers of black tissue-paper, and had roofs
of 2 or generally many more thicknesses.

XV. A wooden box, about 8 decimetres long, 2 wide, and 13
deep; lined with black tissue-paper, and inverted on a floor of the
same.

B. “Giur” SURROUNDINGS.

The various so-called gilt papers employed were in all
cases covered with ¢ Duteh metal,” a mixture of copper
and zine, the proportion of the former metal being very
Ligh. Three kinds of such gilt paper were employed :—
(1) The metal had been applied in the form of “leaf,”
and bore a strong resemblance to true gold-leaf. The
surface was very bright and golden, but was not highly
polished. This was the only gilt-paper made use of in
my earlier experiments, and erroncously described as
“gold-leaf” in my paper (Phil. Trans., l.c., p. 324). It
will be spoken of as *‘ Duteh leaf.” (2) A very bigiily
polished metallic surface, often tending to become
tarnished and eopper-like. This will be ealled ““polished
Dutch metal.”  (3) A very similar metallic surface,
apparently not quite so brilliant, with an embossed
pittern on it. This will be called ‘embossed Dutch
metal.”

I wish to express my thanks to Mr. W. W. Fisher
and Mr. Walker for kindly analysing samples of these
and the “silver” papers employed, in the Oxford Uni-
versity Laboratory.

XVI. Alow wide cylinder, 2:88 decimetres diameter, 102 high
lined with embossed Dutch metal, and a roof the sane. 'The

external surface of cylinder and roof was covered with one layer of
black tissue-paper, and this receptacle was sometimes used for
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testing the effect of gold surroundings in darkness. It was then
covered with rugs, mats, &e.

At other thmes it was placed on its side, with the open end
closed by a sheet of clear glass divected towards a strong light.

XVII. A very similar cylinder, 242 decimetres diameter,
1:16 high. Half the internal surface was lined with polished Duteh
metal, and one open end closed by the same. When placed on its
side the gilded surface was uppermost and formed a roof, while
the covered end formed a background. When placed on its open
end the latter formed the roof.

This and the succeeding gold receptacles were always used in a
strong light, unless otherwise stated.

XVIII., XIX,, XX,, XXT., and XXTI. Five small cylinders, all
about 62 centimetres diameter, 84 hich. They were always
placed on the open end on a floor of white paper or polished
Dutelr metal. A polished Duteh metal roof sloped from the
front part of the upper end to the back part of the lower end (in
the position placed during use), so that little more than half the
capacity of the eyhnder was available for larvee. The elear front of
the eylinder was placed so as to face a strong light.

XNTII. A similar ceylinder, lined in the same manner with
Dutch leaf.

XXIV. and XXV. Two similar eylinders, also lined with Dutch
leaf, but the roof sloped much less steeply from the front to a point
about 2 down the back of the cylinder in the case of XXIV., about
Lin XXV, so that ncarly the whole of the capacity was available
(about ¢ in XXIV., and much more in XXV.). Below the level at
which the roof joined the back, the latter was lined with the
same gilt paper, extending round half the circumference of the
eylinder.

XXVI. A rather taller cylinder (1:01 decimetres), of the same
diameter. The sides were gilt two-thirds round, and the gilt paper
brought together to form a ridged roof with very sloping sides, the
ridge running from back to front. There were deep shadows in the
higher part of the roof within the ridge, which was nearly 2 centi-
metres higher than the eylinder. About two-thirds of the capacity
was available. Owing to the gilt liming extending so far round the
cylinder, the clear front was reduced, and the gold surface much
less ithuninated than in the other small cylinders, XVIII. to XXV,
The gilding was polished Duteh metal.

XXVII. A tall eylinder, the same dimensions as 1V.; lined in
the same manner as NXV., with embossed Dutch metal, so that
nearly the whele capacity was available.

XXVIIL. A similar eylinder, treated esactly like V., except
that the black paper outside the glass was replaced by polished
Dutch metal.

XXIX. A tin box, 2'85 decimetres long, 1:07 wide and deep ;
placed on end with glass sheet in front. There was a sloping roof,
as in XVIII., sothat about half capacity was available. On the
floor and a small area of bottom of sides the bright tin surface was
exposed, but the rest was gilt. The gilt paper was erampled to
make cavities and reflections in all directions. The gilding was
cibossed Duteli metal.
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NXX. A large flat wooden bos, about 3 decimetres high, 63
wide, 6 centimetres deep; lined in upper part (standing on 1 long
side) with polished Dutch metal, and a clear glass front.

This box was subsequently divided into 14 compartments, lined
with various colours (see LIIL. to LXVI.).

XXXI. Compartment of wooden box. 22 decimetres high. 1'14
wide, 1'06 deep: lined with polished Dutch metal (1585, with
Dutch leaf in 1886 and 1887) everywhere. except the lower end
which formed the floor, and this was covered with brown paper.
The gold-paper back curved gradually into the root and sides, and
both roof and back were well erumpled. Nearly all the space
available. Clear glass front.

NXXXII. This was another compartment in the same wooden
box which contained VII., 8-3 decimetres high, 14 wide in front,
12 wide at back. 1-25 decimetres deep. The roof sloped back at
an angle of 45° to increase the illumination. and was  coffered”
(12 recesses divided by ridges). There were 2 shelves on each side,
flat above, making an angle of 45° with the side of the box below.
The whole was lined with embossed Dutch metal, except the floor,
which was covered with brown paper. Clear glass front.

XXXIII. The third compartment in the same wooden box,
similar to XXXII., except that the lining was polished Dutch
metal.

NXXIV.,, XXXV, XXXVI, XXXVIT, XXXVIIL, XXXIX.
6 out of 12 small compartments in a wooden box, each 9-2 centi-
metres high, 54 deep, and varying from 45 to 8-4 in width. All
were lined thronghont with gilt paper, XXXIV., XXXV., and
XXXVTI. being polished Duteh metal, and the other three partly of
this and partly embossed Dutch metal. A single sheet of clear
glass covered the front of these and the remaining 6 compartments.

C. SinveEr AND TiN SURROUNDINGS.

The silver-paper emploved was of two kinds:—(1)
Covered with true silver, having a very bright, but not
polished surface: this will be called ““silver paper’;
(2) covered with metallic tin. The surface was more
polished than the silver, but not nearly equal to tin-plate.
This will be spoken of as *“tin-paper.” In addition to
these, boxes of tin-plate were employed, and will be
spoken of merely as ‘tin boxes.”

XL., NLI.,, XLII., XLIII., XLIV., XLV. The 06 remaining
compartments of the same bos, of the same dimensions, except that

the narrowest was only 2-8 centimetres wide. NXL. was lined with
silver, and the rest with tin paper.

XLVI. The second compartment in the same box which con-
tained XXNXI. The dimensions and arrangements were the same,
except that gilt paper was replaced by silver-paper. Previous to
1888 this compartment had been lined with Dutch leaf.

XLVIL. A glass cylinder 1'69 decimetres diameter, and 160
high. About two-fifths of the civcumference at the bottom was
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lined witlt silver paper, which widened to half the circumference
at the top. The silver paper roof was domed, the summit extending
nearly 1 decimetre above the top of the cylinder. All the silver-
paper was well erumpled. In use, the eylinder was placed on a
white paper floor, and the clear part of the circumference was
turned towards a strong light. The silvered back was highly
illuminated, but the inner part of the dome was in shadow, espe-
cially its upper part.

XLVIII. A low wide glass eylinder, 2:63 decimetres diameter,
‘812 high. Arranged as in XVIL., except that tin-paper was used,
and was crumpled, and that roof and back passed gradually into
each other. Nearly all space available.

XLIX. A bright tin box, similar to XXIX., except that it was
not lined with paper, the surface of the tin-plate being used as an
environment ; another similar box was also employed in 1887.

D. WHITE SURROUNDINGS.

L., LI. Two while “opal” glass gas globes, 1'78 decimetres high,
placed, narrow opening upwards, on a sheet of white paper. The
upper open end was provided with a white paper roof.

E. Crear Grass.

LII. Rectangular clear glass box about 2°6 decimetres high, and
1'6 square in section, with open end uppermost, and covered with
clear sheet of glass. All angles and edges bound with black
paper. Placed in strong light.

This was also used in the experiments on G. obscurata, when
the clear glass roof was replaced by perforated zine.

T'. SURROUNDINGS OF VARIOUS COLOURS.

LIIL. to TLXVI. 14 compartments of a wooden box, 12 of them
83 centimetres wide, 1'85 decimetres high, and 60 centimetres
deep; 2 of them (LIIL and LXV.) were rather wider (9-1 centi-
metres), In the centre of the back of all, except LVII., LIX,,
and LXIV., a small cardboard box (8'7 centimetres high, 4 wide,
and 1'7 deep) was fixed with its fong axis vertical. In LVI.,
however, the box was 7°8 centimetres wide. Each box was covered
with paper similar to that which: lined the compartment in which
it was contained. The object was to provide irregularitics of sur-
face in the shape of angles, shelves, &e. Clear glass sheets covered
the whole box, which was turned towards a strong light. The
colours of the compartments were as follows:

LIII. Deep red. LX. Light blue.

LIV. Deep orange. | LXI  Deep blue.

LV. Pale yellow. LXII. Dark blue.

LVI. DBright yellow (tissue- LXIII. Light brown (tissue-
paper). paper).

LVIL. Dright green. | LXIV. White.

LVIIL. Dark green. LXV. DBlack (dead).

LIX. Very pale blue (tissue- | LXVI. Black (bright; var-
paper). nished surface).
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The colours of LILI., LIV., LV., and LXII., are figured in my
previous paper on the colours of pupa (Phil. Trans., 7. c., Plate 26,
figs. 16, 17, 18, and 21). The colours of all, except LVI., LIX.,
and LXIII., were very opaque and uniform; those of the three
compartments just mentioned, being produced by tissue-paper
pasted on to white paper, were far less regular, and contained a
much Jarger admnixture of white light. This was especially the
case in LIX., in which the white light greatly preponderated.

These compartments were used in the experiments on Pieride,
as well as Vanesside.

LXVII. and LXVIII, 2 compartments of a wooden box, 1-08
decimetres wide, *61 high, 47 deep, covered in with a clear glass
front.

LXVII. was lined thronghout with deep orange paper, similar
to LIV.

LXVIII. was lined throughout with pale yellow paper, similar
to LV,

LXIX. A glass cylinder, 72 centimetres diameter, 1'57 deci-
metres high, covered with 1 thickness of faded yellowish green
tissue-paper, and roof of samne. DMueh white light passed throngh,
as well as green. The paper was the same as that figured in Phil.
Trans., L. c., Plate 26, fig. 19.

LXX. A glass eylinder, about 1'1 decimetres high, and rather
less diameter than LXIX, Similarly covered and roofed.

G. LIiGHT TRANSMITTED THROUGH COLOURED (GLASS OR
GELATINE.

LXXI. A wooden box, 17 decimetres wide, 175 high, and
6 deep, lined with white paper and covered with red glass
(** flashed,” viz., a clear glass with a red surface).

Used for Plertde as well as Vanesside.

LXXII. to LXXVI. I'ive compartinents of a wooden box; 3 of
them 75 centimetres wide, 9°3 higlh, 4'S deep.

Of these, LXXII. was covered with a sheet of red gelatine, the
interior being plain light coloured wood. When the Pieride were
experimented with, the interior was lined with deep orange paper,
and the gelatine replaced by red glass, like that of LXXI.

LXXIIL was covered with a sheet of bright green gelatine, the
interior plain. In the experiments on Pieride, the gelatine was
replaced by blue glass, and the interior lined with deep orange
paper.

! ILXXIV. was covered with a sheet of blue gelatine, the interior
being plain (not used with Pieride).

LXXV. was only 2:15 centimetres wide (otherwise similar). 1t
was covered with red glass like LXXI., the interior plain (not used
with Pieride).

LXXVI. was 2:22 decimetres wide (otherwise similar), It was
covered with a sheet of yellow glass, the intevior plain.  When
used with Pieridew the interior was lined with white paper.

LXXVIL. A wooden box, 2:53 decimetres square, 1°53 deep,
standing on one side. Quite three-fourths of area of top and
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bottomn (2 largest sides in the position in which it stood) eovered
with green glass, and a small window of the same in upper side
(roof). Lined everywhere with white paper.

When used for Vanessa urtice it was lined with dark green
paper. Afterwards, lined with white paper, it was employed for
Pieride, as well as Vanessa io.

The remaining receptacles were employed for Pieride alone.

LXXVIII. to LXXXI. Tour compartments of wooden box,
covered with a single sheet of yellow glass.

LXXVIIL.: 95 centimetres wide, 1:0 deeimetre high, and
6:0 centimetres deep ; lined with white paper.

LXXIX.: Similar, only 1-1 deeimetres wide ; lined with orange
paper.

LNXXX. : Similar to LXXVIII. ; lined with blue paper.

LXXXI. : Similar to LXXTX. ; lined with black paper.

LXXXTI. to LXXXYV. Fowr compartments of wooden box,
covered with a single sheet of green glass. The eompartments
were all about 1-22 deeimetres wide, 144 high, and -81 deep.

LXXXIIL was lined with white paper.

LXXXIII. was lined with red paper.

LXXXIV. was lined with orange paper.

LXXXYV. was lined with blue paper.

LXXXVIL to LNXXTX. Tour compartinents of the same box,
covered with a single sheet of pale blue glass. The compartments
were rather wider than those just deseribed (128 decimetres), but
otherwise sinilar.

LXXXVI. was lined with white paper.

LXXXVTI. was hned with red paper.

LXXNXVIIL. was lined with orange paper.

LXXXNINX. was lined with yellow paper.

XC. A wooden box, 2-12 decimetres square and *62 deep, lined
with white paper, and covered with a sheet of blue cobalt glass.

XCI. to XCIV. Tour compartinents of wooden hox, covered
with a single sheet of blue cobalt glass, considerably deeper in tint
than that of XC. The compartments were all about 10 decimetre
square and -6 deep.

XCL. was lined with white paper.

XCII. was lined with orange paper.

XCIII. was lined with yellow paper.

XCIV. was lined with blue paper.

XCV. Compartment of wooden box (1:09 deciinetres wide,
1-35 high, and 56 deep), eovered with a sheet of clear glass, and
lined throughout with black and orange squares of equal size,
regularly alternating. TFaeh was 125 mm. square, and thus a size
which ensured that a pupa of Pieris brassice and P. rape woulkdl
lie on at least two of them.
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ExrraNnatioN oF Prates XIV. & XV.

PLATE XIV.

All the figures are drawn of the natural size, which in all cases
is that of the larve either mature or approaching maturity.

Figs. 1, 2, and 8 were drawn by Miss Cundell; figs. 9 to 17 by
My. J. T. Murray; the remainder by the writer.

F16. 1.—The larve of Hemerophila abruptaria, reared among
green shoots and leaves of lilac (food-plant), upon which they are
shown in the figure.

F16. 2.—The larve of the same species fed on the same food,
with which a number of very dark fwigs were intermixed. The
larvee are seen at rest on a branch of Quercus cerris. The attitude
of the resting larvee in this and fig. 1 is not quite natural. A
cocoon is shown on the right side of the base of the branch. Its
strong resemblance to the bark is produced by the number of small
fragments gnawed off and woven into it.

Fi6. 3.—A dark larva of Rumia crategata brought up among
dark twigs. A bluish “bloom” is seen upon it.

Fi16. 4.—Another dark larva of the same species brought up
under the same conditions. The ‘““bloom” covers more of the
surface, and a small patch of green colour is seen behind the dorsal
humps.

Fie. 5.—A very black larva without *“bloom,” brought up under
the same conditions.

F16. 6.—A brownish green larva of the same species, fed on the
same food-plant (hawthorn), but brought up among green shoots
and leaves. A Dbluish ¢“‘bloom” is present.

Fre. 7.— A light brown larva with green marks and patches,
bronght up under the same conditions as the last described.

The larve represented in figs. 3—7 were bred from eggs laid by
one moth, and were fed on the same food. It is interesting to note
considerable individual differences among the dark and light forms
respectively. The stimulus being the same, the reaction differs
somewhat according to individual predisposition.

F16. 8.—A large mature green larva of Amphidasis betularia
(one of the results of the 1889 experiments), shown in a very
characteristic attitude on a green twig of Populus nigra. The
brownish shade over the dorsal area is more or less present in the
majority of green larve of this species.

Fre. 9.—This and all remaining figures represent the results of
the 1892 experiments,



486 Mr. Poulton’s further experiments npon

This bright green larva was the single exception found in a lot of
34 exposed to dark surroundings (Experiment I.). Itis represented
upon a twig of Quercus cerris, which serves to show the nature of
the conditions employed. It became mature much before the
other larvee, and probably passed throngh the most sensitive period
before the experiment began. Compare its size with that of
fig. 10 from the same experiment.

Fras. 11 and 12.—Two larvie from Experiment IT. They had
been subjected to dead brown twigs of some species of Salix, the
appearance of which is seen in these figures. One larva (fig. 12) is
rather lighter and greyer than the other, but the resemblance to
the surroundings is very strong ; and no greater divergence ocenrred
between any of these larvee than that shown in figs. 11 and 12.

Fia. 13.—Three larve were transferred from the last Experiment
(IL.), and were exposed to green surroundings (XXVII.) from
July 27th to the end of larval life. On Aug. 10th a drawing of the
lightest one was made, and is reproduced here. The effect was
but slight, the larva being rather lighter and greyer than any in I1.
It is represented upon a twig of Populus nigra.

Fre. 14.—A typical result of Experiment VI. is shown in this
figure. The posterior claspers of the larva are fixed to a dead
brown ivy leaf, thus showing the appearance of the environment
with which most of the larvae harmonised well, and from which
only one differed considerably. The painting was made about
Aug. 5th

F16. 15.—A greenish white larva from Experiment XXVIIL.,
resting on one of the white paper spills which formed the environ-
ment. The larva was mature when it was painted about Aug. 5th.

Fra. 16.—A brownish white larva from XXVIII., also resting on
a white paper spill. When it is remembered that these were
examples of the least white larvie in this experiment, the effect of
the white spills is seen to be most remarkable. A whitish larva,
exhibiting no tendency to brown or green, was selected for
painting, but it began to pupate, and altered in appearance before
this could be accomplished.

T16. 17.—A dark purplish brown larva from Experiment XXXI.,
resting on a dark blue paper spill. All the 10 larvie in this set
assumed this particular shade of brown. The larva was painted
about Aug. 5th.

I"16. 18.—Abdeominal segments 1 to 4 (indicated by numbers) of
an intermediate larva, divided along the median ventral line, and
gpread out flat, as seen from the internal surface. The digestive
tract has been removed. The tracheal system is shown on the left
hand only. The arrow indicates the anterior direction. The
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anterior brown band in each segment and the brown median
dorsal stripe are dune to true pigment in the epidermie cells, while
the broader green band erossing the posterior part of each segment
is due to green fat lying beneath the epidermis, which is of a pale
yellowish eolour overit. The yellow patches on each side of the
middle line in the anterior part of each segment are due to part of
the more deeply placed yellow fat.

PLATE XV.

Fres. 1 and 2.—The dark and light varieties of the larve of
Catocala elocata, obtained in the experiments described on pp. 302,
303. The larve are represented about three-quarters of the natural
size, and the difference in shade was far greater than appears from
these figures.

F16., 8.—The dark and light larvee of Hemerophila abruptaria,
obtained in the experiments described on pp. 8316, 317. The larve
are represented abont three-quarters of the natural size, and the
difference of shade is very well expressed.

I'1g. 4—A lamp-shade, like that nsed in Experiment IV. upon
Amphidasis betularia (1889), see pp. 831, 332, In front of and
beside the lamp-shade are represented the five pieces of stick
which were used in the experiment. The figure is about one-
fourth the real size of the articles. These pieces of stick, placed
among the green leaves of nut in the cylinder, turned far more
than half the larve dark.

F1g. 5.—About one-fifth the real size. The conflicting colour
case used chiefly in the experiments on Vanessa urtice and V. io
(see pp. 391—397 and 420—426). A complete description of it is
given on p. 393). The difference between the alternate strips of
gilt and blaek paper is not distinet, although it can be made out.

Fre. 6.—About one-fifth the real size. The conflicting colour
case used in the experiments on Vanessa io (see p. 425, where the
case is described). The distinet white spots in this and the lasp
figure represent the bosses of silk spun by the larve. In use, the
cover (the upper part of the figure) was placed over the compart-
ments (the lower part), so that the white compartments had a
black cover, and vice versid, and the dorsal and ventral surfaces of
the larve within were subjected to opposed conditions.



